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1 • INTRODUCTION

1.1 Backqround. Large quantities of wastewater are Qener-
" . dted durinq the manutacturing of explosives and propellants;

the loading, assemblY, and packing ot munitions; as well as de-
militarization and washout operations. These wastewaters (re-
ferred to as "red water" or "pink water" due to their character-
istic color) contain varyinq concentrations of explosives.
Standard Practice in the past has been to dispose of these
wastewaters in settling lagoons at various U.S. Army installa-
tions. Althouqn current practice provides for in-plant treatment
of these wastewaters, the inactive settling lagoons at numerous
U.S. Army installations are a source of potential groundwater
contamination.

The U.S. Army Toxic and Hazardous Materials Aqencv
(USATHAMA) is currently evaluating a number of potential remedi-
al action options for tuture implementation. One option has
emerged as the most promisinq in the near term (i.e.. for in-
stallations requiring remedial action within the next five
years). This option is excavation of the soils, followed by
thermal processinq in a rotary kiln incinerator. The U.S. Army

* routinely incinerates pure explosives and propellants; however.
Previous to this Project this technologv was undemonstrated on
explosives contaminated soils.

1.2 Project objectives. The objectives of the Incineration
of Explosives Contaminated Soils (IECS) project were as follows:

9 (a) The primary objective of these tests was to demonstrate
the effectiveness of incineration as a decontamina-

* "tion method for explosives contaminated soils.
(b) The secondary objectives of the project were to:

- Develop a data oase and appropriate correlations
for designing and predicting the Performance of
the incinerator as a decontamination method.

- Determine the fate of the explosives and metals in
the contaminated soils during/after incineration.

- Measure pollutant levels in the stack qas to deter-
mine the air Pollution control devices that would

6• "be required for incinerators that may be used in
the future to incinerate explosives contaminated

r soils.

42
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1.3 Criteria for a successful project. The primary objec-

tive of the project is to demonstrate the effectiveness of in-
cineration as a decontamination method for soils which poten-
tially contain concentrations of explosives and associated prod-
ucts of decomposition. Successful demonstration of this qoal re-
quires demonstration of the followinq:

(a) Destruction removal efficiency (DRE) of Qreater than

99.99 percent of explosives in the stack emissions
based on the explosives concentrations in the feed
soil.

(b) Thermal treatment of the contaminated soils such that
the ash residues are not hazardous due to the charac-
teristic of reactivity (as defined in Title 40 CFR,
Paet 261, Section 261.23).

(c) Thermal treatment of the contaminated soils such that
the ash residues are not hazardous due to the charac-
teristic of EP toxicity (as defined in Title 40 CFR,
Part 261, Section 261.24).

1.4 Report orqanization. The information contained within
this report is orqanized into 11 sections as follows:

Section Title

1 Introduction
2 Executive Summary
3 Test Site
4 Characteristics of Explosives Contaminated Soils
5 Description of the Incineration Test Equipment
6 Experimental Variables
7 Presentation of Test Burn Data
8 Comparison of Test Burn Results to Requlatory Criteria
9 Analysis of Results and Development of Incinerator

Desiqn Criteria
10 Conclusions/Recommendations
11 References

2
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The appendices provide additional data and analysis. Av-
pendix A provides a detailed summary of the data collected dur-

4. .inq each of the 19 incineration test burns in a mass balance
• ..~*format. Appendix B Provides a detailed description of the ana-

", lytical approach utilized to evaluate the test burn results and
to develop simple linear equations for desiqninq and Predictinq
the Performance of the incinerator as a full-scale remedial ac-

' tion alternative. Appendix C Provides referenced sections from
the Federal Reqister reqardinq hazardous waste requlations. AP-
pendix D provides the molecular structure, Preferred nomencla-
ture, and chemical formula for each of the explosives discussed
in this report.

%

S.'
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2. EXECUTIVE SUMMARY
In August 1982, USATHAMA commissioned Roy F. Weston, Inc.

(WESTON) to develop and implement a program to demonstrate the
"i effectiveness of rotary kiln incineration in decontaminating ex-

plosives contaminated soils. This program was an unqualified
success as demonstrated by the following results:

(a) It was demonstrated that a "transpurtablew incineration
system could be disassembled, transported approxi-

* mately 1,000 miles, be reassembled, and fully opera-
tional within two weeks.

(b) Nineteen days of formal trial burn testing were com-
pleted within 20 consecutive calendar days with no
lost time due to equipment failure.

(c) An additional six days of operation were performed at
steady-state conditions with no downtime due to
equipment failure or malfunction.

(d) Comparing the mass of explosives measured in the ash
residues and the stack gas to the mass of explosives
in the soil feed, the following destruction and re-
moval efficiences were demonstrated:
- Greater than 99.99 percent destruction efficiency

in the kiln ash.
- Greater than 99.9999 percent destruction efficiency

in the fabric filter ash.
- No explosives detected in the stack gas which re-

sults in an overall destruction and removal effi-
ciency (DRE) of 100 percent.

(e) Stack emissions were in compliance with all Federal,
state, and local regulations including:
- Sulfur dioxide (SO2 )
- Hydrogen chloride (HCI)
- Oxides of nitrogen (NOR)
- Carbon monoxide (CO)
- Particulates

(f) Ash residues were not hazardous from the standpoint of
EP toxicity or reactivity. Application has been
filedl with the Illinois EPA to allow land
application of the ash residues at the Savanna Army
Depot Activity.

asA
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Simply stated, the IECS vroqram demonstrated that explosives
contaminated soils can be excavated, thermally decontaminated,
and the ash residues landfilled on-site in a safe and environ-
mentally acceptable manner.

The IECS proqram consisted of seven tasks:

(a) Task 1 - Incineration Equipment/Test Site Selection
(b) Task 2 - Soil Characterization/Reactivity Testinq
(c) Task 3 - Development of Detailed Test Plan/Safety Plan
Md Task 4 - Environmental Permittinq
(e) Task 5 - Evaluation of Materials Handlinq Procedures
(f) Task 6 - Incineration Testinq
(q) Task 7 - Evaluation of Results

The IECS Project Schedule is presented in Fiqure 1. The fol-
lowinq subsections summarize the objectives and results of the
first six tasks.

2.1 Incineration equipment/test site selection. After a
comprehensive survey of rotary kiln manufacturers to determine
the availability of appropriately sized test units, ThermAll,
Inc. of Peapack, New Jersey was selected as the incinerator sub-
contractor for the Project. A major innovation of this ProjectUwas the decision to use a "transportable" incinerator (i.e.,
equipment disassembled, loaded on trucks, shipped to the test
site, and reassembled) as opposed to a "mobile" incinerator

\ c~(i.e., truck mounted) or shipment of the contaminated soils to a
commercial facility.

The test site selected was Savanna Army Depot Activity in
Savanna, Illinois which provided the followinq advantaqes:

(a) Remote location well isolated from populated areas.
(b) Close proximity to contaminated soils.
(c) Well controlled access and security.

Fiqure 2 provides an overall view of the installed inciner-
ation system at the Savanna Army Depot Activity. Fiqure 3 is a
photoqraph of the front of the ThermAll, Inc. rotary kiln incin-
erator showinq the soil feed system in the foreqround.

5
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FIGURE 2 OVERALL VIEW OF THE IECS INCINERATION TEST EQUIPMENT
INSTALLED AT THE SAVANNA ARMY DEPOT ACTIVITY
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' /FIGURE 3 FRONT VIEW OF THE THERMALL, INC.
. '-9ROTARY KILN INCINERATOR
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2.2 Soil characterization/reactivity testinq. In order to
maximize the usefulness of the results of the Project, USATHAMA
decided to test contaminated laqoon soils from two separate in-
stallations with widely varyinq characteristics (see Table 1).
The two installations selected provided ranqes of soil charac-
teristics typical of most other U.S. Army installations.

The contaminated laqoon soils are hazardous because they ex-
hibit the characteristic of reactivity (i.e., potential for det-
onation or explosion). Testinq conducted at Alleqany Ballistics
Laboratory (ABL) in Cumberland, Maryland confirmed that the la-
qoon soils are reactive and that special precautions must be
taken in developinq materials handlinq procedures and equipment
desiqn.

2.3 Development of detailed test Plan/safety Plan. in order
to provide for meaninqful evaluation of the incineration test
results, a test plan2 was developed which included a syste-
matic analytical approach to the defined problem. The approach
WESTON followed throuqhout the completion of the proqram is de-
picted on Fiqure 4. The nine steps of the analytical approach

V Scan be cateqorized as pre-experimental (steps 1 throuqh 5), ex-
perimental (step 6), and the analysis and conclusions. The pre-
experimental and experimental steps are addressed in Sections 3
throuqh 6, while the remaininq steps are addressed in Sections 7
throuqh 10.

An important activity in the development of the test plan
was the selection of key parameters (input variables) to be con-
trolled and held at various levels durinq testinq. These key
Parameters were:

(a) Soil feed rate.
(b) Temperature in the primary combustion chamber.
(c) Temperature in the secondary combustion chamber.

l These key parameters were selected since they directly re-
late to the economics of incineration (i.e., how much can be
burned, how quickly can it be burned, and how much fuel is re-
quired?).

Other test variables were held constant to the extent possi-
ble. Test variables that could not be held constant were meas-
ured durinq the test as illustrated in the test plan schematic
diaqram (Fiqure 5).

8
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TABLE 1. CHARACTERISTICS OF EXPLOSIVES CONTAMINATED SOILS

Louisiana Army
Savanna Army Depot Ammunition Plant

Description Activity (SADA) (LAAP)

Soil Matrix Sand Clay

Moisture Content2  12 - 26% 25 - 30%

Asti Content 44 - 83% 54 - 66%
(as received)

Explosiv es Contentl

(dry basis)

7 - TNT 9 - 41% 5 - 14%

- RDX <0.02% 3 - 10%

- HMX Not Detected 0.6 - 1.4%

- Other <0.03 <0.06%

- Total Explosives 9 - 41% 10 -22%

Heating Value 50 - 2,400 Btu/lb 600 - 1,200 Btu/lb
(as received)

IMolecular structure of TNT, RDX, HMX, and other relevant ex-
plosives are provided in Appendix D.

I" 2Moisture content for soils are based on samples taken from the
soil prior to feeding into the incinerator.

p.
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From the outset, USATHAMA assiqned personnel safety the
hiqhest priority for this project. In this reqard, a detailed
site plan and safety submission3 were developed and reviewed
and approved by the Department of Defense Explosives Safety
Board.

2.4 Environmental permittinq. Recoqnizinq the importance
of Federal and state environmental concerns, the IECS project
was structured to be fully responsive to the requirements of the
Resource Conservation and Recovery Act (RCRA) of 1976 and the
Illinois Air Pollution and Hazardous Waste Manaqement Requla-
tions. As shown in the project schedule, the environmental per-
mittinq4 was an extremely riqorous and time-consuminq process.

2.5 Evaluation of materials handlinq procedures. The pri-
mary objective of this task was to evaluate, desiqn, and imple-
ment materials handlinq procedures that emphasized personnel and
environmental safety. There were four major qoals:

(a) Minimize Personnel contact with the laqoon soils.
(b) Avoid confininq the laqoon soils (which could lead to

detonation).
(c) Avoid any initiatinq forces (i.e., friction, heatinq

under confinement, etc.).
(d) Contain any spills and minimize contamination of clean

areas.

The test plan 2 was developed assuminq the use of a screw
conveyor to feed the contaminated soils into the incinerator.
However, subsequent soil reactivity testinq at ABL led to can-
cellation of the screw conveyor due to safety considerations.

A soils handlinq Protocol and a bucket feed system were de-
siqned specifically for this test Proqram which met all of the
test objectives and safety requirements. Durinq the course of
the test proqram, the feed system cycled over 4,000 times with-
out a sinqle failure.

2.6 Incineration testinq. The incineration testinq com-
menced on 19 September 1983. Nineteen daily tests were completed
in 20 consecutive calendar days with no time lost due either to
incineration or samolinq equipment failure. Table 2 provides a
summary of the test dates and controlled process variables for
each of the 19 test runs. Since explosives contaminated soils
had never been incinerated previously, a preliminary test run
(Test Run No. 1) was conducted at the proposed maximum soil feed
rate (500 Pounds per hour) and the Proposed minimum primary kiln

12

4523A

dA;



- ~ ~ ~ ~ 1 OD -0 00 -0 M. CI 00 CC CO.* a, *. **a* * * .---.-----.-
*~~~~ 0 ** . -

,cl -a1

U>
En W.

4w C 0cCCCC C CCCCCCCC D

-0. HGC aC0CQJ Cc C)C( ~
0 (a>0 ......

a.)

E-4

40

0 Im*

0'-

-a- w. 0 00 0 0 0000 0 0

z

H-40 HA L 0 00 0 0 0 0000000 Cc: CC0C
rzf L) -4 C 0 0 0u 0 0 Lo0 C C0 Ln 0 CLfla 0 0
W o .0 Ln l~ qt m -c m m -ir 0 0

C4-

1.if I I I I I 1 1 1 I I I I I I I I I l
4.) 0 r- - 1rI - r-C4 ,-E q C4C qr4c q rjC JC'

H. ) 4I C14 04 m 1 14MrI NO W0 4NM r-
En4. 11 ' N.1 N .NN.I N N, N.NN. NNNNNNNNN

4) (a N oam O a % 0 ON0 0 mooooo a

41 QJ ) 'A

% E-4 4 U

13



temperature (8000F) to determine whether explosives break-
through would be detectable in the stack gas. Explosives were
not detected in the stack gas; however, low concentrations of
explosives were detected in the primary kiln ash (6.48 ppm), in
the fabric filter ash (26.27 ppm), and in the flue gas entering
the secondary chamber (195.9 ppm). Therefore, all subsequent
tests were run at lower soil feed rates and higher primary kiln
temperatures to ensure that no explosives would be released to
the environment.

After the formal testing was completed on 8 October 1983,
an additional 25,000 pounds of lagoon soils were incinerated
from 10 to 15 October 1983 (64 actual hours of processing soil).
The objectives of burning the additional lagoon soils were two-
f old:

(a) Thermally treat all lagoon soils that had been excavat-
ed but not required during the formal testing.

(b) Determine the operational characteristics of Ci~e incin-
erator system under a longer term, steady-st-.te pro- .

duction mode of operation.

IMP.
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3. TEST SITE

The incineration test was conducted at the Savanna Army De-
*pot Activity (SADA) which is located near Savanna, Illinois. The

location of SADA is identified on the map represented in Figure
6. The incinerator test site is shown in Figure 7. The relation-
ship between the lagoons from which the soil was excavated and
the incinerator test site is shown in Figure 8.

-~ The selection of the test site was somewhat predicated by
the selection of contaminated soils that were to be incinerated.
The options evaluated included:

(a) Testing at SADA which would require manifesting the
LAAP soils.

* (b) Testing at IJAAP which would require manifesting the
SADA soils.

(c) Testing at another U.S. Army installation which would
require manifesting both soils.

(d) Testing at a commercial incineration facility which
would also require manifesting both soils.

Performing the incineration test burn at SADA using a tempo-
rary, transportable incinerator was the selected option for the
following reasons:

(a) Based on discussions with the Illinois EPA and EPA, Re-
gion V, both agencies indicated that they would be
more receptive to approving a temporary, short-term
trial burn on-site rather than revising the permit
for an existing facility to allow burning of explo-
sives contaminated lagoon soils.

(b) There was less probability of adverse public reaction!
public hearings if the material was burned on-site
in a temporary incinerator rather than at a commer-
cial facility.

(c) The government would potentially be exposed to a higher
V degree of liability by performing the test off-site

at a subcontractor's facility.
:~*.(d) The government would have less control of the safety

procedures by performing the test off-site.
m4 (e) Additional handling, transportation, and storage of the

lagoon soils would be required by performing the test
off-site which increases the potential risk regard-
ing safety of personnel and equipment.

NWt
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f) Pertorminq the test burn on-site with a transportable
closely simulates the full-scale remedial

.* incineration option and minimizes future environmen-
* , -tal permittinq if this remedial action option is im-
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C.

4. CHARACTERISTICS OF EXPLOSIVES CONTAMINATED SOIL

In the 19 May 1980 Federal Register, page 33123, K044
(wastewater treatment sludges from the manufacturing and proc-
essing of explosives) is listed as a hazardous waste because it
exhibits the characteristic of reactivity. The characteristic
of reactivity is defined in 40 CFR 261.23 as exhioiting any of
the following properties:

(a) Normally unstable and readily undergoes violent change
without detonating.

(b) Reacts violently with water.
(c) Forms potentially explosive mixtures with water.
(d) When mixed with water, generates toxic gases, vapors,

-- or fumes in a quantity sufficient to present a danger
to human health or the environment.

(e) A cyanide- or sulfide-bearing waste which, when exposed
to pH conditions between 2 and 12.5, can generate
toxic gases, vapors, or fumes in a quantity suffi-
cient to present a danger to human health or the en-
vironment.

(f) Capable of detonation or explosive reaction if subject-
*ed to a strong initiating source or if heated under

confinement.
(g) Readily capable of detonation or explosive decomposi-

tion or reaction at standard temperature and pres-
sure.

(h) A forbidden explosive as defined in 49 CFR 173.51, or a
Class A explosive as defined in 49 CFR 173.53, or a
Class B explosive as defined in 49 CFR 173.88.

The lagoon soils also contain explosives and products of ex-
plosives decomposition that are specifically listed in 40 CFR
261, Appendix VIII, as hazardous constituents. These Appendix
VIII hazardous constituents could potentially include the fol-
lowing:

(a) Dinitrobenzene (DNB)
- (b) 2,4-Dinitrotoluene (2,4-DNT)

(c) 2,6-Dinitrotoluene (2,6-DNT)
(d) Nitrobenzene (NB)
(e) Trinitrobenzene (TNB)

20
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In order to qain as much meaninqful information from the
IECS testinq proqram as is Practical and to allow proper sta-

. ,.* tistical interpretation of the results, it was decided that the
' "entire series of test runs would be replicated usinq a soil from

another U.S. Army installation witn properties and characteris-
tics widely varyinq from those of the SADA soil. The Louisiana
Army Ammunition Plant (LAAP) was selected as the second source
of contaminated soils. Table 3 Provides the SADA soil analyses
based on composite samplinq conducted durinq 10 separate incin-

5 , *erator test burns. Table 4 Provides comparative data for the
LAAP soil based on composite samplinq conducted durinq nine
separate incinerator test burns. Data for the individual test
burns are Provided in Appendix A.

As shown in Tables 3 and 4 these two soils Provide widely
varyinq ranqes of properties. Tvoically, the SADA soil is a

'I drier, sandy soil with hiqher TNT concentrations but little or
no HMX or RDX, whereas the LAAP soil is typically a more con-

*' sistent, moist, clay-based soil with relatively niqher 114X and
. . RDX concentrations, and sliqhtly niqher metals content.

*% r,
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TAbLE 3. SAVANNA ARMY DEPOT ACTIVITY SOIL ANALYSIS

Total Analysis

Detection
Parameter Ranqe of values limit'

.V Moisture, % 11.7 - 26.3
Ash, % as received 44.5 - 82.5 ---
Ash, % dry basis 60.5 - 95.6 ---
Heatinq Value, Btu/lb as received ND 2 - 2,364 50

Elemental Analysis (Dry Weiqht Basis)
.. I.

Detection
Parameter Ranqe of values limit

Sulfur, % ND 0.01
Carbon, % 2.68 - 12.70 ---
Hydroqen, % 0.28 - 0.79 ---
Nitroqen, % 1.01 - 6.03 ...
Total Chlorine, % ND - 0.12 0.01

Heavy Metals Content (Dry Welqht Basis)

Detection
Parameter Ranqe of values limit

* Barium (Ba), ppm 17 - 29 ---
Cadmium (Cd), Dom ND 3.9
Chromium (Cr), ppm ND - 13 5.9
CopPer (Cu), pm ND - 30 10.4
Lead (Pb), ppm 16- 100 ..
Zinc (Zn), opm 32 - 160 ---
Arsenic (As), Dom ND 5.7
Selenium (Se), Dom ND 5.0
Mercury (Hq), Dm ND 0.5

4-,:
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,- TABLE 3. (CONTINUED) 3.
,M Explosives Analysis (Dry Weiqht Basis)

Detection
Parameter Ranqe of values limit

' 2,4,6-Trinitrotoluene (TNT), ppm 88,100 - 406,000

HMX 3 , ppm ND 15.9
, RDX 3 , pom 28.6 - 145 ---

1,3,5-Trinitrobenzene (TNB), Pom 90.7 - 256 ---

1,3-Dinitrobenzene (DNB), oom ND - 35.1 7.39
Nitrobenzene (NB), ppm ND 5.26
2-Am ino-4,6-Dinitrotoluene
(2-Amino), ppm ND - 27.9 3.64
2,6-Dinitrotoluene (2,6-DNT), ppm ND 5.03
2,4-Dinitrotoluene (2,4-DNT) , pom ND 5.20

lOetection limit listed only for parameters not detected.
S2ND - Not detected (i.e., sample concentration below the detec-

tion limit).
3Refer to Apoendix D for the structures of HMX and RDX.
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TABLE 4. LOUISIANA ARMY AMMUNITION PLANT SOIL ANALYSIS

Total Analysis

Detection
Parameter Ranqe of values limit I

Moisture, % 25.1 - 29.5 ---
Ash. % as received 54.3 - 66.0 ---
Ash, % dry basis 77.1 - 88.1 ---
Heatinq Value, Btu/lb as received 582 - 1,172 ---

Elemental Analysis (Dry Weiqht Basis)

Detection
Parameter Ranqe of values limit

4,,

Sulfur, % ND2 - 0.01 0.01
Carbon, % 5.08 - 7.66 ---
Hvdroqen, % 0.66 - 1.05 ---
Nitroqen, % 2.52 - 6.72 ---

Total Chlorine, % ND - 0.37 0.01

Heavy Metals Content (Dry Weiqht Basis)

Detection

Parameter Ranqe of values limit

Barium (Ba), ppm 98- 150 ---
Cadmium (CO), Dom ND - 13 3.9
Chromium (Cr), ppm 17- 23 ---
Copper (Cu), oom 42- 65 ---
Lead (Pb), ppm 100- 160
Zinc (Zn), ppm 140 - 310 ---
Arsenic (As), ppm ND 5.7
Selenium (Se). ppm ND 5.0
Mercury (Hq), ppm 2.2 - 3.4 ---

24
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TABLE 4. (OCNTINUED)

9 Explosives Analysis (DrV Weiqht Basis)

"' lDetection
Parameter Ranqe of values limit

- 2,4,6-Trinitrotoluene (TNT), ppm 55,100- 142,000 ---
HMX 3 , Dom 5,740- 13,500 ---
RDX 3 . pom 33,100 - 96,500
1,3,5-Trinitrobenzene (TNB), om 57.0 - 139
1,3-Dinitrobenzene (DNB), Dom ND - 22.4 7.39

;5 . Nitrobenzene (NB), ppm ND 5.26
2-Amino-4,6-Dinitrotoluene
(2-Amino). opm ND - 588 3.64
2,6-Dinitrotoluene (2,6-DNT), pom ND 5.03
2,4-Dinitrotoluene (2,4-DNT), oom ND 5.20

lDetection limit listed only for Parameters not detected.
2ND - Not detected (i.e., sample concentration below the de- b

tection limit).
3Reter to Aopendix D for the structures of HMX and RDX.
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5. DESCRIPTION OF THE INCINERATION TEST EQUIPMENT

WESTON evaluated 44 potential incinerator equipment suppli-
ers located in 16 states, and selected ThermAll, Inc. of Pea-
pack, New Jersey as the recommended incineration equipment sub-
contractor. A layout of the ThermAll incineration equipment is

-~ illustrated in Figures 9 and 10. As shown in Figure 10, the sys-
tern components include the following:

(a) Soil Feed System
(b) Primary Combustion Chamber (Rotary Kiln)
(c) Secondary Combustion Chamber (Afterburner)
(d) Heat Exchanger
(e) Fabric Filter Collector
(f) Induced Draft Fan and Stack

5.1 Soil feed system. The soil feed system selected and
designed for this test consisted of a pneumatic ram feeder uti-
lizing a standard 12 quart galvanized steel mop pail to contain
the contaminated soil (see Figure 9). This system was selected
for the following reasons:

(a) Traditional feed systems (e.g., screw feeders, ram
feeders, etc.) would expose the contaminated soil to
frictional forces and/or confinement which was unac-
ceptable from an explosives safety perspective.

(b) The mop pail provided a convenient container for exca-
vating the soils, transporting the soils to the site,
and loading into and unloading from the feed system
with minimum potential for personnel contact or
spillage resulting in contamination of clean areas.

Figure 11 is a photograph taken inside of the primary chain-
ber showing the feed system in operation. The design of materi-
als handling and incinerator feed systems for a full-scale reme-
dial action project is the subject of other on-going USATHAMA
studies and will not be addressed in this report.

5.2 Primary combustion chamber (rotary kiln). The primary
combustion chamber is a rotatable refractory-lined cylinder
which is mounted at a slight incline to the horizontal. The
chamber size is approximately 4.5 feet outside diameter by 8.5-
feet in length. The rotation of the chamber was variable via a
Silicon Controlled Rectifier (SCR) drive between 0 and 4 rpm.

.5. -. Facing the feed end of the primary chamber, the kiln rotated in
a counter-clockwise direction so that the freshly fed soil ro-
tated directly into the flame (see Figure 11).

26
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The chamber volume of 75 cubic feet is further complemented
by the end panel volume of 15 cubic feet for an actual combus-
tion volume of 90 cubic feet. Primary combustion chamber temper-
atures were variable and determined by the heat content of the
soil as well as a modulatinq propane-fired burner mounted on the
front panel of the kiln.

In order to maintain a specific processinq temperature, the
burner automatically fired or remained in low-fire mode if the
temperature could be maintained by the soil alone. The burner is
rated at 1.5 million Btu per hour. Air seals are permanently
fixed on the rear of the kiln and are variable on the front of
the kiln so that a wide ranqe of excess air capability was
available. Normal kiln temperature ranqes are between 800°F
and 1,900 0 F.

The end Panel is a stationary refractory-lined structure
which connects the primary combustion chamber (rotary kiln) to
both the ash discharqe and the secondary combustion chamber.
The lower section of the panel has an 18-inch by 25-inch
openinq which allows the ash qenerated in the kiln to automati-
cally discharqe to a DOT-approved 55-qallon drum ash receptacle.
Ash drum removal occurred periodically durinq the test runs and
allowed continuous feedinq of the system without stoppinq for
ash removal. The upper section of the end panel connects to the
secondary combustion chamber.

5.3 Secondary combustion chamber (afterburner). The sec-
ondary combustion chamber is a stationary refractory-lined cyl-
inder connected to the primary combustion chamber via the end
panel. The chamber houses a second modulatinq propane-fired
burner which was controlled by a thermocouple located in the
discharqe duct of the chamber. The burner is positioned in the
entry to the chamber in a tanqential arranqement so that the
waste qases discharqed from the end panel passed throuqh the
flame and provided additional turbulence to these qases. The
chamber is lined with hiqh alumina refractory, allowinq tempera-
tures of up to 3,000°F. The chamber volume is approximately
90 cubic feet, and residence time, dependinq on qas tempera-

tures, varied between 1.0 and 2.0 seconds. As with the primary
combustion chamber, the burner provided 1.5 million Btu per hour
at full fire.

30
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5.4 Heat exchanger (waste heat boiler) . The f lue gases
discharged from the secondary combustion chamber were directed,
via refractory-lined duct work, to a heat exchanger. The heat

*exchanger was utilized to recover the waste heat in the flue gas
in the form of low-pressure steam and, more importantly, in so
doing reduced the flue gas temperature to 300 to 3500 F. Thus,
the flue gas was cooled without the use of dilution air and/or
quench water. The lowering of flue gas temperature and corre-
sponding flue gas volume protected the fabric filter bags and
allowed the downstream ductwork and equipment to be of reduced
size and capital cost. The waste heat boiler is of the three-
pass fire tube design.

5.5 Fabric filter collector. Particulate matter was con-
trolled by a fabric filter manufactured by Micro Pulse. It con-
tains 64 "Huyglas" (glass and Teflon) bags 10 feet long by 4.5
inches in diameter. The bags were precoated with CaCO3 , pulse
jet cleaned, and designed for 99-percent control down to a par-
tidle diameter of 0.5 um. The bag material was capable of with-
standing 500OF peak temperature and a sustained maximum tem-
perature of 4250 F. The inlet temperature was maintained at a
minimum of 300OF to avoid acid dew-point problems.a 5.6 Induced draft fan and stack. Following the fabric fil-
ter, the gas passed through an induced draft fan (with a maximum
flow rate of 2,800 acfm), a damper, and then to a 24-foot tall
by 12-inch diameter unlined stack. The duct work leaving the
heat exchanger contained a motorized damper which was electri-
cally driven from the draft signal generated in the end panel.
Thus, draft was automatically maintained throughout the system
operation.

A dump stack was provided immediately upstream of the heat
exchanger in case emergency bypass was required. Upon loss of
system electrical power, the dump stack opened to provide natu-
ral draft to evacuate the hot gases from the incinerator. This
is not a normal mode of operation and incinerator shutdown pro-
cedures would commence immediately.

.4 314523A



6. EXPERIMENTAL VARIABLES

In order to properly design and implement any field test,

important questions must be answered so that the data obtained
during the experiment can be evaluated and meaningful results
obtained. These questions are:

(a) What are the experimental variables for the test?
(b) Which test variables can be easily controlled and held

constant throughout the tests?
(c) Which test variables are most critical to the analysis

and can be controlled and held constant at various
levels throughout the tests?

(d) Which test variables are impractical to control and
must be allowed to vary randomly throughout the
tests?

(e) What are the response variables (i.e., the measurements
that will be made throughout the tests)?

This section of the report provides a summary of the ap-
V proach taken to answer these questions. Table 5 provides a sum-

mary of the experimental variables for the IECS test burn pro-
gram. The following subsections describe each of the experiment-
al variables listed in Table 5.

6.1 Test variables to be controlled and held constant.

6.1.1 Soil preparation. It was important to establish a
consistent soil preparation procedure so that variability in the
manner in which the soil was removed from the lagoons and han-
dled prior to introduction into the feed system did not bias the
results of the incineration tests.

6.1.1.1 Preparation of the SADA soils. There are six la-
goons located at SADA (four lower lagoons and two upper la-
goons). The SADA soil for the IECS test burns was excavated
from the upper lagoons (specifically Lagoon No. 5) for the
following reasons:

(a) The explosives concentrations are higher in the upper
lagoons.

(b) There is less susceptibility for standing water in the
upper lagoons, a condition which would impede excava-
tion of the soils.

.. (c) There is less deoris (i.e., leaves, sticks, rocks,
etc.) in the soil from the upper lagoons, which im-
proves the materials nandling cnaracteristics. "
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TABLE 5. SUMMARY OF THE EXPERIMENTAL VARIABLES
FOR THE IECS TEST BURN

* Test Variables to be Controlled and Held Constant

* Soil Preparation
Kiln Rotation Rate

* Fuel Composition

0 Test variables Held Constant at Various Levels

Incinerator Feed Rate
Primary Chamber Temperature
Second'ary Chamber Temperature

0 Test Variables Allowed to Vary Randomly

Soil Feed Composition
Kiln Ash Residence Time
Flue Gas Residence Time
Percent Excess Air
Fuel Input Rate

0 Response Variable Measurements to be Made

ZIP Ash Residue Analyses

- Primary Chamber
-- - Fabric Filter

Flue Gas Analyses

- Before Secondary Chamber
-, -Before Fabric Filter

- Stack

1.0
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The SADA soil was excavated manually using plastic shovels.
Prior to excavation, the soil was surveyed with a magnetometer
to detect any metal objects/unexploded ordnance. The soil was
loaded directly into the 12-quart mop pails and transported to

-9.-

the incineration test site in the back of a pick-up truck that
had a specially designed egg crate' wooden frame that held 30

* buckets securely. At the incineration test site, the buckets
were stored on plastic sheeting and covered with plastic until
loaded into the feed system. The soil was excavated daily for
the following day's test.

The soil feed rate was determined by weighing each individu-
al bucket before and after feeding to obtain an actual net
weight of soil fed. A sample was taken from each individual
bucket prior to weighing. The feed samples were then combined to
form a composite sample for each run.

6.1.1.2 Preparation of the LAAP soils. The LAAP soils were
excavated by LAAP personnel, manifested, and transported to the
incineration test site in DOT-approved, 55-gallon drums with
plastic liners. Fifty drums of soils were manifested and shipped

-simultaneously and were unloaded on wooden pallets in the upper
lagoon area.

The LAAP urums were individually dumped into a galvanized
steel tank by a fork lift with a specially designed lifting
harness. The LAAP soils were manually loaded into 12-quart mop
pails using aluminum scoops. All metal objects (i.e., ammunition
box hinges, flashlight batteries, etc.) were removed. The LAAP
soils were transported to the incineration test site and fed to
the incinerator in the same manner described for the SADA soils.

6.1.2 Kiln rotation rate. The kiln rotation rate was an
important factor in establishing the soils residence time within
the primary combustion chamber. This parameter was held at a
constant value of approximately four revolutions per hour for
all of the test runs. This corresponded to an ash residence time
in the primary chamber of approximately 50 minutes to 2 hours.

6.1.3 Fuel composition. The fuel for the burners in the
primary and secondary combustion chambers was propane. The pro-
pane was stored at the test site in four propane storage tanks
provided by Thermogas. The propane had a heating value of 21,560
Btu per pound or approximately 2,500 Btu per cubic foot.

i°
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6.2 Test variables held constant at various levels. Three
* variables were selected as the most important factors in evalu-

ating the economic feasibility of incineration of explosives
-) contaminated soils. These variables were incinerator feed rate

and primary and secondary chamber teinperatuers. These factors
directly related to the length of time necessary to decontami-
nate a fixed quantity of soil and the projected fuel consump-
tion. Therefore, the test runs included three separate levels
for each of these three variables. A summary of the test dates
and controlled process variables for each of the 19 test runs
was provided in Table 2. The following subsections discuss the
level and operating ranges for these three variables.

6.2.1 Incinerator feed rate. The test plan2 was devel-
oped assuming the use of a screw conveyor to feed the contami-
nated soils into the incinerator. However, subsequent soil reac-
tivity/sensitivity testing at ABL led to cancellation of the

id screw conveyor due to safety considerations. Feed rates of up
to 800 pounds per hour were proposed for the screw conveyor
feed system since it would meter the soil into the primary
chamber in a consistent fashion. However, with the bucket feed
system used for the IECS test runs,, the feed rate had to be

* reduced since the material was bulk loaded at 2- to 3-minute
intervals. A maximum of 500 pounds per hour was proposed.

Since explosives contaminated soils had never been inciner-
ated previously, a preliminary test run (Test Run No.0-1) was
conducted on 19 September 1983 at the proposed maximum soil feed
rate (500 pounds per hour) and the proposed minimum primary kiln

* temperature (8000F) to determine whether explosives break-
through would be detectable in the stack gas. No explosives were
detected in the stack gas; however, the following adverse re-

-e sults did occur:

(a) Explosives were detected in the kiln ash (6.48 ppm).
(b) Explosives were detected in the fabric filter ash

(26.27 ppm).
(c) Explosives were detected in the flue gas entering the

secondary chamber (195.9 ppm).
(d) Based on physical observations the soil did not appear

to burn well (see Subsection 7.5.3).
(e) The kiln ash was black with large "clinkers' up to 6

inches in diameter.
(f) The ash had a strong ammonia smell.
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4du to ensue tisusit furt escntamintionsoftonstreamtequpmtent
(iae., waste heastur bole, fabric sfile, tefc.) would bevmini-
mtuize a tooensr that nxposexlsiveslwoldz be relasie y towe

tmosphere Teefoeedrates selected for evaluation120F
were000,, an and400pound toaly pers hour.aure

6.2.2 Primnary chamber temperature. Primeonary chamberpr
aurnes cltd bervaried btween maximu and 2,000F. Theowever

the kilnbe temperatures selected for evaluation were 20F
1,60, 1,80andF,60F AdditiOO. oaly thees temtprtures
itwoul bespacicald fort futre ull-ssl rheeialatio phmbroj

6.2l3 Seonar cmeoeperature Tt40F bv he sconary chamber mea

ture. This decision was made for the following reasons:

(a) Introduction of a fourth controlled variable would in-
crease the number of matrix runs required from 18
(i.e., kiln temperature - three levels, soil feed
rate - three levels, and soil type - two levels) to
54 which would be impractical.

(b) Variation of the secondary chamber temperature inde-
' pendent of the Kiln temperature is not practical

since the afterburner cannot be operated at a lower
temperature than the kiln without cooling the gas,
and the maximum amount of incremental temperature in-
crease *is limited by the capacity of the secondary

(c) Industrial practice with rotary kiln incinerators has
shown that operation of the secondary chamber at ap-
proximately 200 to 400OF above the kiln tempera-
ture provides for cost-effective supplementary fuel
utilization consistent with effective destruction of
flue gas contaminants (i.e., carbon monoxide and hy-
drocarbons).
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6.3 Test variables allowed to vary randomly.

6.3.1 Soil feed composition. The explosives, moisture,
and metals concentrations in the soils were the was received"

levels and no attempt was made to adjust these variables. Two
distinctively different types of soils were tested from two sep-
arate Army installations. The characteristics of the soils were
presented in Section 4.

6.3.2 Kiln ash residence time. The kiln ash residence time
was a function of incinerator feed rate, kiln rotation rate, the
ash density, and the angle of repose of the material. Since the
kiln rotation rate was held relatively constant at four revolu-
tions per hour, the primary factors affecting kiln ash residence
time was ash characteristics (i.e., density and angle of repose)
and feed rate. As shown in Subsection 7.2.3, tne kiln ash resi-

.~*,-...dence time varied from 54 to 114 minutes for the SADA test runs
and from 49 to 120 minutes for the LAAP test runs.

~ 6.3.3 Flue gas residence time. The flue gas residence time
- ~. within the secondary chamber was a function of fuel burn rate,

amount of organics oxidized from the soil, the soil moisture
* content, the amount of excess air, and the secondary combustion

chamber temperature and volume. As shown in Subsection 7.2.4,
the flue gas residence times in the secondary combustion chamber
varied from 1.0 to 2.0 seconds.

6.3.4 Percent excess air. The percent excess air is a
-. measure of the amount of additional oxygen available above and

beyond the amount required for stoichiometric combustion of the
fuel and oxidation of the organics in the sediment. Due to the
high degree of variability of organics content of the soil

-4. (i.e., explosives concentration), no attempt was made to main-
* tain constant excess air levels. However, to ensure an adequate

4 ,. supply of combustion air to oxidize the explosives in the soil
and the f lue gas, excess air rates of 100 to over 200 percent

* were provided in the primary combustion chamber. Excess flow
rates in t he flue gas leaving the secondary combustion chamber
were approximately 100 percent.

, 6.3.5 Fuel input rate. Tne fuel input rate was a function
of the heat content of the soil (i.e., explosives concentra-
tion), the moisture content of the soil, the air flowrate, heat
losses, and the selected primary and secondary combustion cham-
ber temperatures. once the incinerator reached steady-state con-
ditions, the primary and secondary chamber burners modulated, as
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required, to automatically maintain the temperature set points.
Total fuel input rates varied from 500 to 1,300 cubic feet per
hour of propane during the test runs.

-.

6.4 Response variables. The response variables are the
various ash residue and flue gas analyses as shown in Figure 5.
The detailed sampling and analysis techniques employed were pre-
sented in a previous document5 and will not be repeated in
this report.

There was only one deviation from the referenced sampling
and analysis plan 5 . The on-site total hydrocarbon analyses
were performed on aliquots of the integrated gas samples col-
lected in the EPA Method 3 sampling trains rather than on the
explosives/hydrocarbon train bag samples as originally planned.
This procedure change was necessitated because the bag samples
from the explosives/hydrocarbon trains picked-up acetonitrile
vapors (from sample recovery activities) which interferred with
the determination of total hydrocarbons.

Acetonitrile was confirmed in the bag samples from the ex-
plosives/hydrocarbons trains which were sent to WESTON's West
Chester, Pennsylvania laboratories. No other deviations from the
sampling/testing and analysis plan were necessary.
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U 7. PRESENTATION OF TEST BURN DATA

*7.1 Summary of test burn data. The test burn dates and
-. controlled process variables (i.e., soil feed rate and primary

*and secondary chamber temperatures) were summarized in Table 2.
Figures 12 and 13 provide the average data for the nine test
burns on SADA soil (Test Matrix Nos. 1-1 to 1-9) and the nineJ
test burns on LAAP soil (Test Matrix Nos. 2-1 to 2-9), respec-

* tively. These figures summarize the data in a material balance
format and provide a complete summary of the composition of the
feed and waste streams and the flue gas sampling results. An in-
dividual material balance diagram for each of the 18 test burns

- summarized in Figures 12 and 13, as well as the preliminary test
burn (Test Matrix No. 0-1) is provided in Appendix A.

7.2 Presentation of data and calculation procedures.

*7.2.1 Emission testing periods. Table 6 summarizes the ac-
tual emission testing periods and propane fuel consumption of
the primary and secondary burners. The emission testing periods
shown on Table 6 do not include the pre-test warm-up and post-
test cool-down time. The pre-test warm-up took up to 3 hours de-
pending on the required kiln temperature. once the desired oper-
ating conditions were achieved and soil feed commenced, equi-

* librium conditions were maintained for 60 minutes prior to
starting the emission testing. As shown in Table 6, the duration

.~ ;.of the actual emission testing ranged from approximately 2 to 3
* . hours. After the emission testing was completed, the soil feed

was discontinued and equilibrium conditions were maintained for
an additional bO minutes to ensure that the ash in the kiln was

* . properly processed. The post-test cool-down took up to 3 hours
d to ensure that the temperature of the refractory was reduced
* * gradually.

The propane burn rate data presented in Table 6 was calcu-
lated based on the gas meter readings at the start and finish of
the emission test period. The propane burn rate is for both the
primary and secondary burners combined. The heating value of the
propane was 21,560 Btu per pound or approximately 2,500 Btu per
standard cubic foot.

La7.2.2 Actual soil feed rate and ash production data. The
actual soil feed weights and the respective total kiln and fab-
ric filter ash weights are listed in Table 7 for each of the
test burns. The average soil feed rate for each test was calcu-
lated by dividing the total soil fed by the total time soil was

~ fed. Although these average feed rates do not account for in-
~ t- ~ stantaneous feeding surges (i.e., one bucket of soil every 2 to
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* TABLE 6. SUMMARY OF ACTUAL EMISSION TESTING PERIODS
AND PROPANE FUEL CONSUMPTION

(EXCLUDES PRE-TEST WARM-UP AND POST-TEST COOL-DOWN)

Emission Emission Emission Propane burn
testing testing test rate during

Matrix Test start stop duration emission testing
number date time time (hr) (ft3/hr)

0-1 9/19 13:15 16:30 3.25 481.6

1-1 9/21 10:45 13:10 2.42 904.7
1-2 10/4 9:30 11:45 2.25 941.3
1-3 9/20 10:45 13:30 2.75 714.3
1-4 9/23 12:50 15:06 2.27 982.4
1-5 9/27 10:15 12:42 2.45 723.2
1-6 9/22 10:15 12:44 2.48 924.8
1-7 9/29 10:50 13:15 2.42 986.9
1-8 10/3 11:29 13:59 2.50 1151.6

*1-9 10/1 10:15 12:35 2.33 1083.4

2-1 9/26 11:31 13:57 2.43 846.2
2-2 10/8 8:45 11:00 2.25 944.1

-. 2-3 10/6 9 :4 5 12:00 2.25 997.2
2-4 10/2 9:04 11:15 2.18 1130.1
2-5 10/5 9:45 12:00 2.25 1156.7
2-6 9/24 11:42 14:15 2.55 954.8

*2-7 9/28 11:00 13:27 2.45 1086.3
2-8 9/30 10:15 12:30 2.25 1211.9
2-9 10/7 10:30 12:34 2.07 1282.6
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T .17.

3 minutes), they are representative due to the relatively long
residence time of the ash in the kiln. The calculated average
feed rates are used in Section 9 to analyze the data, as well as
similarly calculated kiln and fabric filter ash discharge rates.

The inconsistency of ash removal from the fabric filter is
evidenced by the amount of ash (116 pounds or 10 times the actu-
al daily fabric filter ash discharged) removed during the dis-

p manteling of the system. This ash was distributed equally among
all of the daily fabric filter ash weights. Due to the potential
error associated with this assumption, fabric filter ash weights
were not used in the computerized analysis in Section 9. In-
stead, the particulate loadings (in grains per standard cubic
foot) from the gas sampling location upstream of the fabric fil-
ter were used.

7.2.3 Estimated primary chamber ash residence times. The
estimated primary chamber ash residence times for each of the
test burns on SADA soils are presented in Table 8 and similarly
for the test burns on LAAP soils in Table 9. Ash residence time
could not be directly measured in the field. Therefore, the fol-
lowing procedure was established to estimate ash residence time.

(a) The time that the first ash drum was removed (ti) was
recorded, as well as the time that soil feed
commenced (to).

(b) The empty ash drum was weighed before the test and the
filled ash drum was weighed again after it was re-
moved to determine the net ash weight (mi).

(c) The height of the ash in the drum was measured to de-
termine the volume of ash in the drum (Vi).

(d) The ash density was estimated by dividing the net
weight of ash in the drum by the volume of ash in
the drum (mi/Vi).

(e) The volumetric ash production rate was determined by
the following equation:

m 1
= mT + [t) x m

Where: MT = total primary chamber ash, lb (Table 7)
tT = total time soil fed, hr (Table 7)

()The volume of ash in the kiln (Vk) was determined by
the following equation:

Vk = ()x (ti to) (Vi)
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p.. (g) The ash residence time in the kiln (TR) was deter-
mined by the follewing equation:

T (Vk x (60inR Vhr

As shown in Tables 8 and 9, the kiln ash densities were
quite different for the two types of soil. The SADA primary kiln p

ash density was generally in the range of 80 to 90 pounds per
cubic foot, whereas the IJAAP primary kiln ash density was gen-
erally in the range of 40 to 50 pounds per cubic foot. The foot-
notes in Tables 8 and 9 point out specific test runs in which-
uncontaminated background sand was fed during the pre-test warm-

up o mnimzethe adherence of ash to the kiln refractory. This
is discussed more thoroughly in Subsection 7.3.

The volume of ash in the kiln was also quite different for
the two types of soil. Since the kiln rotation was held constant
for all tesLa at approximately four revolutions per hour and
since the feed rates and kiln temperatures were essentially rep-
licated for the two soils, the differences in the volume of ash
in the kiln (i.e., generally 2 to 4 cubic feet for the SADA kiln
ash compared to 4 to 8 cubic feet for the LAAP kiln ash) is most
likely due to the difference in the "anigle of repose* of the two
types of ash. The differences between the two types of kiln ash
are discussed more thoroughly in Subsection 7.3.1.

The kiln ash residence times, on the other hand, were com-
parable for the two types of ash. The residence times varied

* from 54 minutes to 114 minutes for the SADA kiln ash and from
* - 53 minutes to 120 minutes for the LJAAP kiln ash.

Te7.2.4 Estimated secondary chamber flue gas residence time.
Teestimated secondary chamber flue gas residence times for

each of the test burns are summarized in Table 10. As shown in
Table 10, the secondary chamber flue gas residence times ranged
from 1.1 to 2.0 seconds. These estimated flue gas residences

.~-* times are based on the secondary chamber volume of 90 cubic
feet, and do not include any credit for the flue gas residence
time in the primary chamber, the end panel, or the refractory-

lined ductwork upstream of the waste heat boiler.

7.2.5 Explosives concentrations in the soil feed, ash resi-
dues, and stack gas. Prior to development of the test plan2,
soil core samples and grab samples had been taken from each of
the six SADA lagoons as part of the Task Order 1 effort. The
core samples were either 5 or 1.5 feet in depth and explosives

ii concentration analyses were performed on samples taken at 6-inch
intervals throughout the depth of each core sample.

7.47
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C- TV 7- 7; .

The TNT concentrations found in the core samples ranged from
200,000 ppm (20 percent) to less than 24 ppm (the detection lrn-
it). The core and grab samples demonstrated in general that:

(a) The explosives concentrations tended to be highest in
the top 6 inches of soil.

(b) The explosive concentrations in the top 6 inches di-
minished with distance from the point where the
wastewater had entered the lagoon.

For these reasons, it was decided that the SADA soil would
be excavated from lagoon No. 5 in the vicinity where the waste-
water had entered the lagoon and to a depth not to exceed ap-
proximately 4 to 6 inches. This decision was made to maximize
the explosive concentrations in the feed soil so that an explo-
sives DRE of 99.99 percent could potentially be demonstrated
within the detection limits of the stack sampling equipment. As
a result, the TNT concentrations in the composite feed samples
from the SADA runs were much higher than those found in the core
samples. As shown in Table 11, they ranged from 406,000 ppm

- (40.6 percent) to 88,100 ppm (8.81 percent). other explosives in
the SADA soil were negligible by comparison.

The LAAP soil, on the other hand, had quite substantial con-
centrations of RDX and H1IX, as well as TNT as shown in Table 11.
Other explosives in the LAAP soil were negligible by comparison.

Table 12 summarizes the concentrations of explosives in the
kiln ash. In general, the only explosives detected in the kiln
ash were very low concentrations of TNT ranging from not detect-
ed to less than 30 ppm.

Table 13 summarizes the concentrations of explosives in the

fabric filter ash. The data in Table 13 should not be analyzed
on a run-by-run basis. A compressed air, pulse-jet cleaning cy-
cle was performed on the fabric filter bags before and after
each test run, and the ash that was dislodged from the bags was
removed from the collection hopper, weighed, and analyzed. How-
ever, there was no assurance that the ash removed from the hop-
per directly corresponded to the respective test run. As de-

-~ scribed previously in Subsection 6.2.1, explosives breakthrough
occurred during the preliminary Test Run No. 0-1 which is sup-
ported by the data in Table 13. Chronologically, the next three

~ test runs were matrix Nos. 1-3, 1-1, and 1-6. Each of these runs
a~ had similar, gradually decreasing levels of explosives which in-

dicate that the fabric filter bags were most likely contaminated

a.. A.49
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TABLE 12. EXPLOSIVES CONCENTRATIONS IN THE KILN ASH

Explosives concentrations1 (ppm, dry weight basis)

.1 .* Matrix
number HMX RDX TNB DNB NB 2-Amino TNT 2,6-DNT 2,4-DNT

U-I ND 2  ND ND ND ND ND 6.48 ND ND
1-1 ND 5.21ND ND ND ND ND ND ND
1-2 ND ND ND ND ND ND 2. 5 ND ND
1-3 ND ND ND ND ND ND 8.78 ND ND
1-4 ND ND ND ND ND ND ND ND ND
1-4 ND ND ND ND ND ND 3.44 ND ND
1-b ND ND ND ND ND ND ND ND ND
1-7 ND ND ND ND ND ND ND ND ND
1-8 ND ND ND ND ND ND 2.55 ND ND
1-9 ND ND ND ND ND ND ND ND ND

2-1 ND ND 2.47 ND ND ND 6.58 ND ND
2-2 ND ND ND ND ND ND 19.3 ND ND
2-3 ND ND ND ND ND ND 26.9 ND ND

.' $ 2-4 ND ND ND ND ND ND 17.6 ND ND* 2-b ND ND ND ND ND ND 4.88 ND ND

2-6 ND ND ND ND ND ND ND ND ND
2-'/ ND ND ND ND ND ND 8.78 ND ND
2-8 ND ND ND ND ND ND 13.1 ND ND
2-9 ND ND ND ND ND ND ND ND ND

Detec- 1.27 0997 2.09 0.591 0.421 0.291 1.92 0.402 0.41
' . tion

limits

7 1,

IMolecular structure ot explosives is presented in Appendix D.
2ND- Not aetected.
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TABLE 13. EXPLOSIVES CONCENTRATIONS IN THE FABRIC FILTER ASH

' Explosives concentrations 1 (opm, dry weiqht basis)

Matrix
number HMX RDX TNB DNB NB 2-Amino TNT 2,6-DNT 2,4-DNT

0-1 4.30 1.22 11.1 0.896 3.55 ND 2  5.20 ND ND

1-1 1.30 ND 4.07 0.832 ND ND 2.08 ND ND
1-2 ND ND ND ND ND ND 2.65 ND ND
1-3 ND 1.57 5.17 ND ND ND 2.62 ND ND
1-4 ND ND 2.52 ND ND ND ND ND ND
1-5 5.02 ND 2.25 ND ND ND ND ND ND
1-6 ND ND 4.32 0.854 ND ND 1.94 ND ND
1-7 ND ND ND ND ND ND ND ND ND
1-8 ND ND 2.43 ND ND ND 155 ND ND
1-9 ND ND ND ND ND ND ND ND ND p
2-1 1.61 ND 3.66 0.726 ND ND ND ND ND
2-2 ND ND ND ND ND ND 4.24 ND ND
2-3 ND ND ND ND ND ND ND ND ND
2-4 ND ND ND ND ND ND ND ND ND
2-5 ND ND ND ND ND ND ND ND ND
2-6 ND ND 2.37 ND ND ND ND ND ND
2-7 ND ND ND ND ND ND ND ND ND
2-8 ND ND 2.27 ND ND ND ND ND ND
2-9 ND ND ND ND ND ND ND ND ND

Detec- 1.27 0977 2.09 0.591 0.421 0.291 1.92 0.402 0.416
tion
limits

-*j'..

iMolecular structure of explosives is presented in Appendix D.
2 ND - Not detected.

S4.
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with explosives during Test Run No. U-I and may have continued
to contaminate subsequent test run ash samples.

No explosives were detected in the stack gas during any ot
the test burns, including the preliminary Test Run No. U-I. The
estimation ot explosives destruction and removal etticiency is

P presented in Subsection 8.2.4.2.

/.2.b Fabric tilter particulate loadings, control etticien-
. cies, and particle size distribution data. The tabric tilter
- particulate loadings and control etticiencies are summarized in

Table 14 tor each test run. The fabric filter control etticien-
cies ranged trom 99.1 to 99.9 percent with an average etticiency
ot 99.b percent. The consistently high removal efficiency was
turther evidenced by the lack ot a visible stack plume.

The tabric tilter particulate size distributions tor the
SADA and LAAP test runs are presented in Figures 14 and 15, re-
spectively. As shown in Figures 14 and 15, the size distribu-
tions tor the two types ot tabric tilter ash are almost identi-

. cal. The general size distribution data applicable to both ash
types are summarized below.

Particle diameter, microns Weight percent within range

U - 5 Negligible
5 - IU 2 percent

A IU - 5U 8 percent
5U - IOU 2U percent

S >IOU 'U percent

7.2.1 Stack emissions data tor gaseous pollutants. The
stack emissions data tor hydrogen chloride (HCI), sultur dioxide
(S02 ), and oxides ot nitrogen (NOX) are summarized in Table
15. The stack emissions data for hydrocarbons and carbon monox-
ide (CO) are summarized in Table lb. No signiticant ditterences

Tare apparent between the two soil types in the magnitude ot the
values. No stack emissions ot heavy metals were detected except
for mercury which did not exceed 5 x 1U- 4 pounds per hour for
any ot the test burns.

1.2.8 EP toxicity testing data for the ash residues. The
results ot the extraction procedure (EP) toxicity testing data

-. tor the kiln ash and the tabric tilter ash are presented in Ta-
bles I/ and 18, respectively. In most instances, either no heavy
metals were detected or the maximum possible metal concentration
(in the ash) was below the EP toxicity threshold limit and the
test was not conducted. Regardless ot soil type or the levels ot
other test variables, the EP toxicity threshold limits were not
exceeded.
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7.3 Pnysical observations. The objective of this section
is to provide firsthand observations regarding parameters that
are somewhat difficult to quantify and reduce to numerical

-. terms. These physical observations include the following:

(a) Soil/ash appearance and density.
*(b) Combustion observations.

*(c) Steady-state production run.
(d) Industrial hygiene observations.

5.(e) Miscellaneous observations.

7.3.1 Soil/ash appearance and density. The SADA soil, al-
.~ though excavated as the top 4 to 6 inches of an approximately

300-square foot area of a single lagoon, was widely variable in
* appearance. The soil was excavated from the area immediately ad-

jacent to the influent stand pipe which was identified as having
the highest explosives concentrations within the lagoon. The
soil ranged from light tan to dark reddish-brown in color. The
texture ranged from loose sand to packed silt. One area of the
lagoon had a subsurface layer of soil that was somewhat unique.
The soil was a light tan dry powder (like talcum) that would not

* wet (floats on water) and when exposed to sunlight for approxi-
__ mately 10 minutes changed color to light yellow. Once disturbed,

- the soil again appeared light tan. The soil seemed to be sensi-

tive to sunlight (perhaps ultraviolet).

The LAAP soil, by comparison, was much more consistent in
* ~. appearance. The soil in the drums varied from densely packed

clay to clay mixed with sand and f ree water. The soil was dark
* reddish-brown in color and was very tightly compacted within the

% drums.

mrThe density of the SADA and LAAP soils and respective pri-
maykiln ashes was estimated in the field by weighing fixed

volumes of each material. The SADA soil ranged from 80 to 120
pounds per cubic foot and the tLAAP soil ranged from 90 to 105
pounds per cubic foot. A representative density for either soil
is approximately 100 pounds per cubic foot. It is suspected that
if the IJAAP soil were freshly excavated the density would be
lower due to a higher moisture content.

The SADA primary kiln ash was also quite variable. The ash
- ranged from "salt and pepper" colored sand, to a mixture of sand

and small Oclinkers" (friable clumps less than 2 inches in diam-
eter) , to one test run in which the ash was black with large
clinkers up to 6 inches in diameter (Test Run 0-1) . The SADA
ash density averaged approximately 85 pounds per cubic foot.

I -~ 61
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The LAAP primary kiln ash was again more consistent by corn-
.4 *~parison. The ash was light reddish-brown to black in color and

was composed almost exclusively of small friable clinkers 1 to
inches in diameter. The clinkers were extremely porous and the4

resulting ash density averaged approximately 45 pounds per cubic
foot.

7.3.2 Combustion observations. The following comments re-
late to observations made during the various test burns relative
to the combustion process within the primary chamber.

(a) on 16 September 1983 a preliminary test run was per-
formed on SADA soil at the following conditions:

Feed Rate - 400 lb/hr
*Primary Chamber Temperature = 1,6000F

Secondary Chamber Temperature = 2,0000F

During this preliminary run (i.e., gas sampling was
not conducted) the soil appeared to burn very well.
There was no noticeable increase in primary kiln tern-
perature once feeding commenced, which suggests that
the heat content of the soil was sufficient to offset
the increased heat load to evaporate the moisture in
the soil. The flame was bright orange with no detect-
able smoke. At one point the unit shut down due to a
high boiler feed-water level which resulted in a
temporary loss of the induced draft fan. Under this
condition, black smoke was emitted from the combus-
tion air ports at the front of the incinerator. Upon
start-up and with the burners off but with the in-
duced draft fan on, the soil burned with a violent
flame. This suggests that some of the combustibles in
the soil require sufficient oxygen to properly corn-
bust. The ash f rom this run was f ine sand, light in
color, and with no noticeable odor. This observation
led to a basic change in approachi. Prior to this it
was anticipated that the incinerator would most ap-

-~. .. ~propriately be operated as a dryer to first drive off
the high moisture content of the soil and then to

A."roast" the soil to volatilize and destroy the explo-
sives. Under these conditions, high excess air rates
in the primary chamber would not be critical. Howev-
er, this observation supported the fact that the unit
should be operated as an incinerator with high excess
air rates to ensure complete combustion of the organ-
ics.
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(b) on 19 September 1983 Test Run Matrix No. 0-1 was per-
formed on SADA soil at the following conditions:

Feed Rate - 500 lb/hr
Primary Chamber Temperature = 800OF
Secondary Chamber Temperature = ,2000F

As described previously, this run was conducted at
the proposed "worst-case" conditions of maximum feed
rate and minimum temperature to basically challenge
the system and determine if explosives breakthrough
would occur. During this run the soil did not appear
to burn well. The soil contributed significantly to
the heat input and as a result the burners modulated
at a very "low-firen position during this burn. The
ash was black with large clinkers up to 6 inches in
diameter. The ash had a strong ammonia smell.

(c) on 21 September 1983 a "doughnut* of feed soil/ash
started accumulating in the front of the primary
chamber as shown in Figure 16. This circumferential
ring of friable material recurred periodically
throughout the testing program (most predominantly
with the LAAP soil). This buildup of material did not
impede the combustion process; however, it was of
concern due to mass balance considerations and was
periodically removed during incinerator cool down.

The material was easily removed and could easily be
remedied by installing a scraper bar for future ap-
plications. It was also found that feeding background
sand prior to feeding the LAAP soil minimized forma-
tion of the doughnut.

(d) As observed through the combustion air ports in the
front of the incinerator, the LIAAP soil had a ten-
dency to expand as the moisture and combustibles were

121.. vaporized from the soil. This 'Popcorn" effect re-
sulted in the relatively low density ash discussed

~- earlier and, instead of the typical 50 percent volume
V reduction experienced with the SADA soil, no volume

reduction, and up to a 40 percent volume increase was
* experienced with the tJAAP soil.

63 4523A
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(e) In general, for the system tested, the following ob-
servations can be made tor processing both SADA and
LAAP soils:

- Operation of the primary kiln at l,4000 F seemed
to be an optimum condition. At l,6000 F there
were more problems with smoking/flaming buckets
coming out of the feed system. At l,2000 F there
seemed to be a higher propensity for doughnut for-
mation. However, both of the problems could be
easily remedied in a future full-scale system.

- Operation above 400 pounds per hour soil feed rate
appeared to be a problem due to material fall-back
into the f ront-end panel (which could be remedied
by slight redesign or a continuous versus a bulk
feed system) and due to shorter ash residence time
(which could be remedied by a longer primary chain-
ber or alternative kiln rotation rates).

*7.3.3 Steady-state production run. After the formal test-
ing was completed on 8 October 1983, an additional 25,000 pounds
of LAAP soils were incinerated f rom 10 to 15 October 1983 (64
actual hours of incinerating soils) . The objectives of burning

the additional soils were twofold:

(a) Thermally treat all LAAP soil that had been excavated
and manifested to the Savanna Army Depot Activity but
not required during the formal testing.

(b) Determine the operational characteristics of the incin-
erator system under a longer term, steady-state pro-
duction mode of operation.

The operational parameters during this steady-state run were
as follows:

Feed Rate - 400 lb/hr
-Primary Chamber Temperature = 1,4000 F

secondary Chamber Temperature = 1,8OOOF

Complete destruction of explosives had been consistently
demonstrated in the stack gas, as well as in the kiln ash resi-
dues at these conditions. For this reason these conditions were
proposed to and approved by the Illinois EPA for continuation of

* .~*the test burn program without any further requirement for stack
* testing.

65 4523A
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During this 5.5 day run, two shifts of operators allowed an
operating span of up to 20 hours including warm-up and cool down

* . .and an actual processing time of up to 15 hours per day.

The incineration equipment performed flawlessly during this
extended run with no downtime due to mechanical failure. Two in-
stances did occur that required reprocessing of primary kiln ash
drums collected:

(a) On 10 October 1983 the second ash drum pulled was smok-
ing (purple/pink smoke). One of the smoldering clink-
ers was broken open and there was red clay inside
which started smoking heavily when exposed to the
air. Further investigation revealed that the feed
soil bucket weights were too heavy resulting in an
average feed rate of 540 pounds per hour rather than
40U pounds per hour. The bucket weights were correct-
ed and the first two drums of ash were reprocessed.
Subsequent ash drumis were normal (i.e., no smoke).

(b) On 11 October 1983 the second ash drum pulled was again
smoking. The smoke was generally white in color with
traces of pink and purple. The ammonia smell was
strong enough to break through the respirator car-
tridges. Further investigation revealed that the kiln
rotation was improperly set. The kiln was making one
revolution every 8 minutes rather than every 15 min-
utes. The kiln rotation rate was reset and the first
two ash drums were reprocessed, Subsequent ash drums
were normal.

These two incidents, both of which effectively reduced the
ash residence time within the primary chamber, appeared to have
resulted in incomplete combustion of the explosives in the soil.
This suggests a strong correlation between ash residence time
and explosives destruction efficiency in the primary chamber
ash.

7.3.4 Industrial hygiene observations. The purpose of this
subsection is not to detail all the safety precautions that were
taken on this project. These precautions were discussed thor-
oughly in the site plan and safety submission. 3 This subsec-
tion will address additional safety precautions instituted in-
the field in response to observations made during the IECS test-
ing program. These observations and precautions are as follows:

~A. (a) A noise survey of the incineration test site revealed
that the noise levels in the vicinity of the inciner-
ator and the induced draft fan exceeded 85 dbA with a
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I maximum reading on the stack sampling platform (di-
rectly above the induced draft fan) of 98 dbA. The
85 dbA contour line very closely paralleled the pe-
rimeter of the concrete pad. Therefore, hearing pro-
tection was required for all personnel on the con-
crete pad.

(b) During the initial pretest burn (16 September 1983),
the incinerator operator detected a strong odor (like
burnt matches or fireworks) from the buckets he re-
moved from the feeder access hatch. He further no-

-. *.ticed an irritation in his throat. At this point a
full-face respirator* was established as standard op-
erating practice for the incinerator operator on the
feed platform. This operator subsequently had symp-
toms similar to sunburn (i.e., dry skin, irritation)
on his entire face. He has fair skin and to some ex-
tent this may have been due to irritation from the
full-face respirator. He also developed a small open
sore below his lower lip the following day. The sun-
burn feeling and open sore persisted for the next
four days although no additional exposure occurred.
on the fourth day he developed a severe headache ac-
companied by stomach upset (which is very atypical
for this individual).

(c) Another incinerator operator complained of experiencing
nausea at night and headaches that persisted through-
out the day. He further explained that he had a cold
and symptoms may not be directly related to his expo-
sure.

(d) one member of the soil excavation team complained of a
rash ("sunburn-like") under his hat band. He was
wearing a baseball cap. He threw the hat away and the
rash subsided.

(e) one of the operators (who was relatively fair skinned)
reported that his skin had a yellowish cast, that his
lips were noticeably purple, and that he frequently
had a bitter taste in his mouth.

*Respirator Model No.: MSA Ultra Twin Respirator Face Piece
(471286). Cartridge Model No.: GMC-H (464027). Designed for
acids, dust, fumes, organics, radionuclides.
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(f) One of the individuals who handed the buckets to the
operators complained of a skin rash/irritation on his
forearms. The sores appear like mosquito bites, scab
over, and eventually dry up. One of the operators
complained of a similar irritation, subsequently, all
individuals handling the feed soil and empty buckets
were instructed to wear full-length disposable cover-
alls, gauntlet style plastic gloves with disposable
liners, and respirators.

It should be pointed out that all of the above observations
took place during the first week of operations and no subsequent
incidences occurred during the remaining three weeks of the test
program.

7.3.5 miscellaneous observations. one additional observa-
tion was noteworthy and does not readily fit into any of the
previous categories. It was observed that the moisture which

* collected on the clean underside of the plastic sheeting cover-
ing the buckets of feed soil was wpinkish" in color. This pink

AZ: coloration is a direct indication of the presence of TNT in the
water droplets. It appears that a portion of the TNT in the feed
soil vaporized and condensed on the plastic along with the mois-
ture that vaporized and condensed.
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3 8. COMPARISON OF TEST BURN RESULTS TO REGULATORY CRITERIA

8.1 Federal regulatory issues.* The objective of this sec-
tion of the report is to address three critical questions re-
garding Federal regulatory issues based on the characteristics

* of explosives contaminated soils (Section 4) and the test burn
results (Section 7). These three key questions are:

(a) Is the incineration of explosives contaminated soils
subject to regulation under 40 CFR Part 264,
Subpart 0 - Incinerators?

(b) If exempted from all requirements of 40 CFR Pdrt 264,
Subpart 0, except Sections 264.341 (Waste
Analysis) and 264.351 (Closure), what are the
implications?

* (c) If not exempt from regulation under 40 CFR Part 264,
Subpart 0, what are the implications?

Q 8.1.1 Background. The solid waste disposal act, as amended
by the Resource Conservation and Recovery Act of 1976, requires
EPA to establish a national regulatory program to ensure that
hazardous wastes are managed in a manner which does not endanger
human health or the environment from the time they are created
until their eventual destr~iction or final disposition (i.e.,
" cradle-to-grave"). To this end, EPA published initial regula-
tions governing hazardous waste incineration on 19 May 1980 and

C: subsequently amended those regulations on 23 January 1981 and 24

The initial 19 May 1980 regulations provided a first step in

rn meeting the requirements of RCRA. Appendix VIII of those regula-
-: tions specified certain chemical substances, when present in a

waste, could serve as a basis for designating the waste as haz-
ardous. Part 261 of the regulations identified four characteris-
tics of hazardous waste to be used by persons handling solid
waste to determine if that waste is hazardous (i.e., ignitabili-
ty, corrosivity, reactivity, and EP toxicity). In addition, it
lists 85 process wastes (e.g., K044 - wastewater treatment

* sludges from the manufacturing and processing of explosives; and
K047 - pink/red water from TNT operations), as hazaLdous wastes
and approximately 400 chemicals as hazardous wastes if they are
discarded. The 19 May 1980 regulations (Part 265) also included
some general requirements for the operation of existing inciner-
ation facilities during interim status (the period after ail
owner or operator originally applies for a permit, but prior to
final approval).

* *Appendix C provides referenced sections from the Federal Regis-
ter.
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.EPA 23 January 1981 regulations specifically identified the
-: information necessary to complete a Part B application for an

incinerator including test burn requirements. These regulations
also specified three requirements regarding incinerator perform-
ance:

(a) Principal organic hazardous constituents (POHC's) des-
ignated in each waste must be destroyed and/or re-
moved to an efficiency (DRE) of 99.99 percent.

(b) Particulate emissions must not exceed 180 milligrams
per dry standard cubic meter corrected to 12 percent
carbon dioxide in the stack gas.

(c) Gaseous hydrogen chloride (HCI) resulting from combus-
4. -. tion of wastes containing more than 0.5 percent chlo-

rine must be reduced by 99 percent.

In addition to the incinerator performance standards (Sec-
tion 264.3), this regulation also addressed the following:

(a) Applicability (Section 264.340).
(b) Waste analysis (Section 264.341).
(c) Principal organic hazardous constituents (Section

264.342).
(d) New wastes: trial burns or permit modifications (Sec-

tion 264.344).
-- . "(e) Operating requirements (Section 264.345).

(f) Monitoring and inspections (Section 264.347).
(g) Closure (Section 264.351).

In response to public comment and a public hearing and tech-
nical assistance conference in Cincinnati, Ohio on 21 and 22
April 1981, EPA determined that modification of certain Subpart
0 regulations would enhance their technical feasibility and re-
duce the cost of compliance, while maintaining adequate protec-
tion of human health and the environment. The EPA formally
promulgated the amended regulations on 24 June 1982. The sig-
nificant amendments to the 23 January 1981 regulation are sum-
marized in Table 19. The 24 June 1982 regulations specifically
addressed the issue of incineration of reactive wastes and the
applicability of the regulation as discussed in the following
section.
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8.1.2 Applicability of the incineration standards to the
incineration of explosives contaminated soils. A solid waste
becomes a "hazardous waste" subject to regulation under Subtitle
C Of RCRA in one of two ways:

(a) The waste fails one or more of EPA's characteristic
tests for ignitability, corrosivity, reactivity, or
Extraction Procedure (EP) toxicity.

(b) The waste contains hazardous constituents listed in Ap-
pendix VIII and has been specifically listed as haz-
ardous by EPA.

In the 24 June 1982 regulations 40 CFR Part 264, Section
264.340, EPA decided to automatically exempt all wastes which
are hazardous solely due to the characteristic of reactivity as
described by Secton 261.23 (a)(1), (2), (3), (6), (7), and (8)
(see Section 4, page 20). Wastes having the reactivity charac-
teristics described by Section 261.23 (a)(4) and (5) are not ex-
empted since they may emit toxic gases and vapors (such as cyan-
ide) upon reaction. The amendment specifies that reactive
wastes, if exempted, must not be burned in the presence of any
other hazardous waste, since the reactive wastes (by definition)
are capable of explosion or violent reaction that could poten-
tially disperse other toxic substances present into the environ-
ment. Therefore, if the reactive waste in question contains de-
tectable concentrations of Appendix VIII constituents it cannot
be automatically exempted. However, the regulation does provide
that qualified reactive wastes that contain low concentrations
(i.e., less than 100 to 1,000 ppm) of some Appendix VIII con-
stituents may be exempted if the Regional Administrator finds
that the exemption will not result in a potential threat to hu-
man health and the environment.

* TNT, RDX, and HMX, which were the major organic contaminants
in the SADA and LAAP soils, are not listed in Appendix VIII as

*hazardous constituents. The Appendix VIII constituents that
were detected in the soils were in extremely low concentrations
as shown in Table 20. Therefore, it appears that applicability
of the incineration standards to the incineration of explosives
contaminated soil will be based on the judgment of the respec-
tive EPA Regional Administrator. Four factors combine to make
an extremely strong case that the Regional Administrator would

* exempt explosives contaminated soils from regulation under all
except Sections 264.341 (Waste Analysis) and 264.351 (Closure).
These four factors are:

* (a) The explosives contaminated soils, when mixed with
4M water, do not generate toxic gases and they are not

cyanide- or sulfide-bearing wastes.
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(b) The concentrations of Appendix VIII cotistituents are
extremely low.

(c) No other hazardous wastes would be incinerated sirnul-
taneously with the explosives contaminated soils.

(d) The incineration site would most likely be at a remote
U.S. Army location which would further limit poten-
tial hazards to the general public.

8.1.3 Implications of exemption from the incineration
standards. Applicants seeking exemption under Section 264.340
must submit sufficient waste analysis data with Part B of the
permit application to document levels of all hazardous constitu-
ents listed in Appendix VIII which would reasonably be found in
the waste. When setting the conditions of the permit, the Re-

j, gional Administrator will determine whether an exemption should
be granted for incineration of the reactive waste based on a re-
view of the waste analysis data. If the exemption is granted,
the applicant will be exempt from the following sections:

Section No. Title

264.342 Principal organic hazardous constituents
(POHC' s).

264.343 Performance standards.
264.344 New wastes: trial burns or permit mudi-

fications.
264.345 operating requirements.
264.347 monitoring and inspections.

The implications of exemption from these regulations are ex-
plained in Subsection 8.1.4.

The only remaining applicable regulation is Section 264.251
(Closure). At closure, the owner or operator must remove all
hazardous waste and hazardous waste residues (i.e., kiln and
fabric filter ash) from the incineration site. All ash- residues
from the incineration of hazardous wastes are classified as haz-
ardous wastes unless it is demonstrated in accordance with 40
CFR Part 261, Section 261.3(d) that the residue is not a hazard-
ous waste.
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The implications of Section 264.251 (Closure) could be sub-
stantial since every pound of explosive contaminated soil which
is incinerated generates approximately 0.3 to 0.7 pounds of ash
residue. Generally over 96 to 98 percent of the residue is dis-
charged in the form of kiln ash, while the remaining ash is col-
lected in the fabric filter. Further, due to the lower relative

*density of the kiln ash compared to the feed soil (particularly
for the LAAP soil), the actual volume reduction ranges from ap-
proximately 50 percent to a slight volume increase. Should the
ashes be classified as hazardous waste, then costly additional
treatment techniques or special disposal methods will be neces-
sary. Otherwise, the ash residues would be permanently land-
filled in an area preferably near the incineration site.

The results of the ash analyses conducted during the IECS
test program indicate a strong case for delisting the ash since,
in accordance with 40 CFR Part 261, Section 261.3(d)(1), the ash
residues do not exhibit any of the characteristics of a nazard-
ous waste identified in 40 CFR Part 261, Subpart C (i.e., ig-
nitability, corrosivity, reactivity, or EP toxicity). The fol-
lowing subsections compare the results of the ash analyses to
criteria for each of these characteristics of hazardous waste.

* 8.1.3.1 Ignitability. A solid waste exhibits the charac-
teristic of ignitability if, when ignited, it burns so vigorous-
ly and persistently that it creates a hazard. It is reasonable
to expect the ash residues to not be ignitable by virtue of:

(a) The thermal processing conditions that the ashes were 4
subjected to during the incineration process.

(b) The undetectable heating value of the ashes.

8.1.3.2 Corrosivity. A solid waste exhibits the character-
istic of corrosivity if, as an aqueous solution, it has a pH
less than or equal to 2.0 or greater than or equal to 12.5.
Composite samples of the SADA and LAAP kiln ash and fabric fil-

- ter ash residues had pH values that ranged from 7.4 to 7.7.
Therefore, the ash residues do not exhibit the characteristic of
corrosivity.

8.1.3.3 Reactivity. The eight criteria for designating a
solid waste as hazardous were presented previously in Section 4.

11.
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Based on the data generated during the testing program, it is
reasonable to assume that the ash residues are not reactive and
exhibit none of the eight criteria as explained below:

Criteria observations

(1) Instability The ash residues were handled
throughout the testing and
were physically and chemically

-~ ~-stable when subjected to the
recommended operating condi-
tions.

(2) and (3) Reaction with Water The residues were in contact
.~ .,-with water during sample prep-

aration and analysis and
showed no signs of adverse re-
action.

r:(4) and (5) Generation of Toxic The ash residues are not cya-
Gases nide- or sulfide-bearing

wastes, and when mixed with
water do not generate toxic
gases, vapors, or fumes.

(6) and (7) Explosive Reaction The extremely low levels of
total explosives in the ash
residues (i.e., not detected
to less than 30 ppm) are in-
sufficient to support combus-
tion or promulgation of deton-
ation when subjected to ini-
tiating sources or if heated -

under confinement.

(8) Forbidden Explosives The ash residues are not clas-
sified as forbidden explosives
as defined in 49 CFR 173.51,
or a Class A explosive as de-
fined in 49 CFR 173.53, or a
Class B explosive as defined
in 49 CFR 173.88.
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U 8.1.3.4 EP toxicity. Tne results of the EP toxicity test-
ing for the kiln ash and fabric filter ash for each test run are
presented in Tables A-9 and A-10, respectively. As shown in
these tables, concentrations of all contaminants in the leachate
were far below the maximum threshold concentrations. Therefore,
the ash residues clearly do not exhibit the characteristic of EP
toxicity.

8.1.4 Implications of not being exempted from the incinera-
*tion standards. If the respective EPA Regional Administrator
* does not grant exemption under 40 CFR Part 264, Section 264.340,

additional requirements must be met above and beyond those dis-
cussed in Subsection 8.1.3. These additional requirements are

* discussed in the following subsections.

8.1.4.1 Principal organic hazardous constituents (section
*264.342). As specified in 40 CFR Part 264, Section

264.342(b)(1), one or more POHC's must be specified from the
list of hazardous constituents listed in Part 261, Appendix
VIII, for each waste to be burned. The selection of POHC is
based on the relative degree of difficulty of incineration and
on the concentration or mass in the soil feed.

The explosives that are in the soils in relatively high con-
centrations (i.e., TNT, RDX, HMX) are not listed in Part 261,
Appendix VIII and, therefore, cannot be designated as POHC's.
The hazardous constituents that are present in the soils (i.e.,

* TNB and DNB) are only present in extremely low concentrations
(i.e., not detected to less than 300 ppm as shown in Table 20).
The preamble to the 24 June 1982 amendments (Federal Register
Vol. 47, No. 122, page 27530) provides guidelines for selecting
POHC's. These guidelines establish 100 ppm as an absolute lower
limit beyond which determination of a 99.99 percent destruction
removal efficiency (DRE) will be difficult to verify, and fur-
ther recommends 1,000 ppm as a more reasonable minimum concen-
tration in the waste feed. Therefore, short of artificially

* spiking the feed soils with higher concentrations of TNB and
DNB, selection of a POHC may pose a significant obstacle.

* . 77
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8.1.4.2 Performance standards (section 264.343). An incin-
erator burning hazardous waste must be designed and operated to
-meet the following three performance standards:

0 Destruction Removal Efficiency (DRE)

The incinerator must achieve a DRE of 99.99 percent for each
POHC designated in its permit for each waste feed. DRE is de-
termined for each POHC from the following equation:

(W. -W ).
DRE in n out x 100%

Where:

Wi mass feed rate of one POHC in the waste
stream feeding the incinerator

.,4
°

.

Wout Pfmass emission rate of the same POHC present in
the exhaust emissions prior to release to the
atmosphere

In other words, thredit is given for removal of the PHC in
the kiln and fabric filter ash residues, as well as destruction
of the POHC in the incineration process.

During the IECS test programs, no explosives (i.e., TNT,
RDX, HMX, as well as the Appendix VIII constituents) were de-
tected in the stack exhaust emissions to the atmosphere. There-
fore, in accordance with the guidelines provided in the previ-
ously referenced preamble to the 24 June 1982 amendments (page
27350), if the POHC is not detected in the stack exhaust, at-
tainment of 100 percent destruction and removal will be assumed
f or that POHC. However, taking a much more conservative ap-
proach (i.e., assuming that explosives concentrations might be
at or just below the detection limits) the calculated DRE's for
each test run are presented in TaDles 21 and 22. However, these
DRE's are for TNT, RDX, and HMX since these were the only con-
taminants in sufficient concentration in the feed to allow esti-
mation of DRE. As shown in Tables 21 and 22, even using this
overly conservative approach, DRE's of 99.99 percent were
achieved in most cases. Failure to achieve 99.99 percent only
resulted from lower explosive concentration in the waste feed
relative to the detection limit in the stack exhaust.
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TABLE 21. SUMMARY OF EXPLOSIVE CONCENTRATIONS IN THE SAVANNA
FEED SOIL, DETECTION LIMITS OF EXPLOSIVE IN STACK GAS

AND THE RESPECTIVE DRE'S

Matrix TNT concentration, iD/hr
*number In soil feed In stack qas'L Worst case DRE 2

0-1 58.285 ND > 99.996

1-1 27 .028 ND > 99.995
1-2 45.490 ND > 99.995
1-3 41. 309 ND > 99.996
1-4 23. 424 ND > 99.992
1-5 71.770 ND > 99.997
1-6 43.084 ND > 99.994
1-7 87.224 ND > 99.997

*1-8 68.170 ND > 99.996

*1-9 88.429 ND > 99.997

IND - Not detected. Detection limits ranqed from 0.0018 and
* U.0028 for the various runs.
* 2worst case DRE -No exvlosives were detected in the stack

qases. Percent destruction and removal effi-
* ciency (DRE) is based on the detection limit

of TNT in the stack qas. Actual Di%<'s will be
U hiqher than the values shown.
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* ydrogen Chloride Control

Since analysis of all feed samples for both SADA and LAAP
* . soils indicated total chlorine concentrations of less than 0.5
* percent and since total hydrogen chloride (HCI) emissions were

rn substantially below 1.8 kilograms per hour (4 pounds per hour),
- HCl control was not required.

* Particulate Control

Particulate emissions are limited to 180 milligrams per dry
standard cubic meter (0.08 grains per dry standard cubic foot)

-. when corrected for proper excess air levels. The results of all
*test runs were at least two orders of magnitude lower than the

permissible emission limits due to the excellent control effi-
ciency of the fabric filter.

* In summary, the trial burns demonstrated consistent compli-
- ance with the performance standards.

8.1.4.3 New wastes: trial burns or permit modifications
(section 264.344). Clearly, the results of the IECS Test Pro-
gram should exempt the U.S. Army from any further trial burn re-
quirements unless the waste analysis of the explosives contami-

* nated soils is significantly different than the SADA or LAAP
soils.

8.1.4.4 operating requirements (section 264.345) and moni-
*toring and inspections (section 264.347). In order to comply
* with the operating and monitoring requirements specified, it ap-
* pears that only two additional pieces of instrumentation would

be required to supplement the incineration equipment and con-
trols supplied by ThermAll, Inc. for the IECS test program:

* (a) A device for continuously measuring combustion gas ve-
locity.

(b) A device for continuously measuring carbon mionoxide at

-The 23 January 1981 amendments specified the continuous
measurement of combustion air flow rate. However, it is imprac-
tical to measure air feed rate for a rotary kiln which does not

* * -employ a forced draft system (which lends itself to measurement
* of air feed rate). Instead, air is drawn into the kiln at many
7. points, and actual air feed rate is impossib]fe to monitor. The
*: ~..24 June 1982 amendments address this problem and allow the use

of other appropriate indicators of combustion gas flow rate for
rotary kilns. Suitable indicators such as induced draft fan am-
perage or exhaust gas velocity are specified.

81
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The continuous monitoring of carbon monoxide will provide an
excellent indicator of combustion efficiency and will ensure
complete destruction of all detectable explosives in the exhaust
gases. It is well documented that the oxidation of carbon mon-
oxide to carbon dioxide is the rate limiting step in most af-
terburners.7  Generally, the time required for all of the
steps involved in the oxidation of hydrocarbons to carbon monox-
ide is less than one-tenth of that which is required for the
carbon monoxide to carbon dioxide conversion. Since explosives
exhibit no reluctance to oxidize, it is reasonable to assume
tnat the carbon mono xide-to-carbon dioxide step will be the key
criteria for proper design of the secondary chamber.

-4 Review of the raw sampling data for Test Run No. 0-1 reveals
supporting evidence that the known relationship between carbon
monoxide and hydrocarbons can be applied to the incineration of
explosives contaminated soils. As the combustion gases entered
the secondary chamber the DRE for TNT was in excess of 99 per-H
cent although the CO concentration was over 1,000 ppm. At the
inlet to the fabric filter, no TNT was detected in the flue gas
(i.e. DRE = 100 percent) and the CO was reduced to 75 ppm. The
oxidation rate of the explosives, therefore, was significantly
higher than the oxidation rate for CO. During subsequent runs
at higher combustion chamber temperatures and lower feed rates,
no explosives were detected in the flue gas at any sampling lo-
cations, including the inlet to the secondary chamber. Co lev-
els were consistently lower also, but always detectable at the
secondary chamber inlet. As a result, two observations can be
made:

(a) It appears that destruction of CO and not explosives
will be the limiting criteria for design and opera-
tion of the secondary combustion chamber.

(b) It appears that monitoring CO will provide a dependable
and cost-effective way to ensure proper combustion of

* explosives as well as Co.

8.2 State and local regulatory issues. State and local
*regulations must be evaluated on a site-specific basis. Howev-

er, some general comments can be made. Most states have direct-
ly adopted the Federal hazardous waste management regulations
into their statutes. Therefore, if their program is Federally
approved, the requirements discussed in Subsection 8.1 may be
administered either jointly between the state and the Regional
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EPA office or exclusively by the state agency. Concerning cri-
teria (nonhazardous) pollutants, the typical areas of concern

- are:

(a) Particulates
(b) Carbon monoxide
(c) oxides of nitrogen
(d) Oxides of sulfur
(e) Halogenated compounds

8.2.1 Particulates. Typically, the state would require
meeting the hazardous waste incinerator performance standard of
180 milligrams per dry standard cubic meter (0.08 grains per dry
standard cubic foot) unless other state or local regulations
were more stringent. However, with fabric filter control of
particulate emissions, any state or local regulation could be

%a. met.

8.2.2 Carbon monoxide. Typical state emission limits for
carbon monoxide emissions from combustion processes are approxi-
mately 500 ppm on a volume basis. For the IECS test program no
stack measurements of CO exceeded 85 ppm.

8.2.3 oxides of nitrogen. Few if any states have specific
mass emission limitations that would be applicable to this type
of source. However, all states have ambient air quality stand-
ards for the maximum allowable concentrations of oxides of ni-
trogen measured at offsite locations (i.e., outside of the prop-
erty boundaries) due to source operations. Most states will re-
quire a modeling analysis to demonstrate that the NO, as
well as other applicable ambient air quality standards, will not
be exceeded. Assuming the installation of a GEP (good engineer-
ing practice) height stack, this should not pose any problem.

'5. 8.2.4 oxides of sulfur and halogenated compounds. Although
regulated, due to the low concentrations of sulfur and crilorine,
mass emissions of oxides of sulfur or halogenated compounds are

- not anticipated to pose any problems.

0
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9. ANALYSIS OF RESULTS AND DEVELOPMENT OF INCINERATOR DE-
SIGN CRITERIA

9.1 Analytical technique. In the early stages of the IECS
project a test plan4 was developed which identified key proc-
ess variables and established a matrix of test conditions (rep-

. licated for two different soil types). This experimental design
was selected to allow statistical evaluation of the test burn
data. Two statistical analyses of variance (ANOVA) techniques
were utilized in the analysis of the test burn data:

(a) Forward and backward stepping multiple regression
analyses.

8

(b) Two-way balanced factorial analysis.
9

The analytical approach is detailed in Appendix B. The ob-
. Ji jective of the analytical approach was to apply the two tech-

niques listed above to combinations of the data base input and "
*- response variables listed in Table 23 to develop simple linear

equations I0 of the type: .

y = bo + bi x i + ... + bn xn + E

Where: y = response variable
bo = intercept
bi = regression coefficient
xi = input or controlled variables
E = residuals

The key response variables of interest are:

(a) Destruction and removal efficiency (DRE) of explosives.
(b) Environmental impact of incineration of explosives con-

4 taminated soils (i.e., CO, NOx, and particulates).

(c) Incinerator design variables affecting system economics
(i.e., kiln ash production rate, soil heating value,

*. and auxiliary fuel burn rate).

9.2 Destruction and removal efficiency of exRlosives. No
explosives were detected in the stack gas for any of the 19 test
burns. Therefore, statistical analysis is not required to deduce
that for the range of incinerator operating variables tested
(i.e., soil feed rates as high as 500 pounds per hour and pri-
mary and secondary chamber temperatures as low as 800oF and
1,2000F, respectively) a DRE of 100 percent can be expected
based on stack emissions. Since no explosives were detected,

d4
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TABLE 23. EVALUATED INPUT AND RESPONSE VARIABLES
USING STATISTICAL TECHNIQUES

Soil Input Variables

' Soil type (SADA or LAAP)

. Moisture content (vpmw and lb/hrI )

0 Ash content (pomw and lb/hrI )

, Volatiles (oomw and lb/nr1 )

. Explosives (pomw and lb/hr, dry basis)

- IMX
- RDX
- TNT
- TNB
- DNB

- 2-Amino2

- Total explosives

* Elemental a:alvsis (ppmw , dry basis)

-Sulfur
- Carbon
- Hvdroqen
- Nitroqen
- Chlorine

* Metals analysis (pom w , dry basis)

- Barium
- Cadmium

: ": :- Chromium
- Copper
- Lead

> -Zi
- Mercury

*! Soil heatinq value (Btu/ib)1
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TABLE 23. (Continued)

System Operatinq InPut Variables

0 Kiln temperature (OF)

"0 • After burner temperature (OF)

' L Soil feed rate (lb/hr)

* Excess air (%)

• Afterburner residence time (seconds)

0 Kiln ash residence time (minutes)

0 Combustion qas flow rate (scfh and lb/hr)

0 Fuel burn rate (scfh)

System Response Variables

* Ash Production rates

- Kiln ash (lb/hr)

- Fabric filter ash (lb/br)

* Particulate loadinqs

- Fabric filter inlet (qrains/scf)
- Fabric filter inlet (lb/hr)

* Explosives

- TNT in kiln ash (Pomw)
S.Total explosives in kiln ash (nomw)

- Total explosives in kiln ash (lb/hr)
- Total explosives in fabric filter ash (Domw)
- Total explosives in fabric filter ash (lb/hr)

S Metals in kiln ash (Pomw, dry basis)
- barium

- Copper

- Lead

- Zinc
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TABLE 23. (Continued)

Re Metals in fabric filter ash (o0mw, dry basis)

- Barium
- Copper
- Lead
- Zinc

• CO at inlet to after burner

.• Stack qas air pollutants

- HCI (om v )
- HCl (lb/hr)
- SO2 (00mv )
- So 2 (lb/hr)
- NOX (vomv)
- NO X (lb/hr)

S~Destruction and removal efficiencies of explosives

1 Soil heatinq value (Btu/Ib)

0 Fuel burn rate (scfh)

lAs received basis.
21ncludes tetryl, since tetryl and 2-amino are indistinquisha-
ble on chromatoqraphs.
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it is impossible to develop correlations to predict estimated
DRE's at soil feed rates higher than 500 pounds per hour or at
kiln temperatures below 800OF and afterburner temperatures
below 112000F.

Explosives were detected in the combustion gases leaving the
primary chamber for one test burn (i.e., 195.9 ppm for Test Run
No. 0-1). Explosives were not detected at this sampling loca- V
tion for any other test runs. Therefore, it can be deduced that
as long as the kiln is operated at 1,2O000P or higher and soil
feed rates 400 pounds per hour or lower, an afterburner is not
required to destroy explosives in the combustion gases.

No significant correlations could be found to predict the
low-level concentrations of explosives in the kiln ash. It is
suspected that the reason for this is the fact that the explo-
sives concentrations in the kiln ash were below or close to the
detection limits.

The fabric filter ash explosives concentration data were not
analyzed since the fabric filter was obviously contaminated dur-
ing Test Run No. 0-1 and subsequent test run ash samples contin-

* * ued to reflect this initial contamination.

9.3 Environmental impact of the incineration of explosives
contaminated soils.

9.3.1 Carbon monoxide (CO). No attempt was made to develop 21
correlations to predict the CO concentrations measured at the
stack or at the fabric filter inlet since 14 of the 19 test runs
had CO concentrations at or below the detection limit of 5 ppm
for each of the two sampling locations. The CO concentrations
for the other five test runs ranged from only 7 to 90 ppm com-
pared to the Illinois EPA limitation of 500 ppm.

The CO concentrations measured at the kiln outlet were ana-
lyzed. The relationship between carbon monoxide concentration
and the destruction and removal of explosives in the primary
kiln exhaust gas has previously been established in Subsection
8.1.4.4. It has also been stated that the CO level in the kiln
gas may be a critical system design parameter in terms of indi-
cating the DRE of explosives, meeting stack emissions standards,
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and the requirement of auxiliary thermal treatment of the pri-
mary kiln exhaust gas. Statistical evaluation and the litera-
ture 7 indicate that a relationship exists between the kiln
operating temperature and soil feed rate in predicting the CO
concentration in the kiln exhaust gas. Of course, these two var-
iables are not the only parameters which affect the system's re-
sponse of CO. However, they do represent a major contribution.
The kiln exhaust gas flow rate (i.e., flue gas residence time)
would be another logical contributor, but was not available for
analysis since isokinetic conditions could not be achieved in
the short duct between the primary and secondary chambers. Since
the gas flow rate at the fabric filter inlet (which should be
proportional to kiln exhaust gas flow rate) was available, and
was included in the analysis and did not contribute significant-
ly, it was assumed that the kiln exhaust gas flow rate was not a
significant contributor within the range evaluated.

Figure 17 shows that based on the mean values of each set of
raw data points for soil feed rate and kiln temperature (Test
Run Nos. 0-1 and 1-5 excluded as data outliers), the CO concen-
tration is constant and very low above kiln temperatures of

*1,400OF regardless of feed rate. This leads to the expansion
of the statistical equation to values outside of the tested
range as shown by Figure 18. These curves are based on the
equation:

CO = 1,252 - 1.22 (Tk) + 1.26 (Ms )

Where: CO = CO concentration in kiln exhaust gas (ppmv)
Tk = kiln temperature (OF)

SMs - soil feed rate (lb/hr)
The equation is significant both in terms of contribution

and probability of correctness. (Refer to Appendix B for an ex-
1 planation of statistical analyses and terminology.) Curiously,

the concentration of explosives and elemental carbon in the
soil did not seem to be response-related variables in the

:model. Therefore, the accuracy of the model is questionable at
very low concentrations of these constituents.

The probability of residuals in the equation is depicted by
Figure 19. For the range of variables on which the equation is
based, it is 90 percent probable that the predicted value will
be within the range of + 150 ppm. At the higher kiln tempera-
tures the margin of error is drastically reduced since the raw
data are within those levels.

9.3.2 Oxides of nitrogen (NOx). The NOx concentration
in the stack gas is also an important criteria since the explo-
sives in the soils are nitrogen-based compounds and considerable
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regulatory focus from the state perspective will be directed at
evaluating the potential increases in ambient NOX concentra-
tions at surrounding off-site locations. The system equation
very closely correlated NOX mass emission rates in the stack
gas to two parameters.

(a) Explosive (TNT) concentration in the feed soil.
(b) Soil feed rate.

Intuitively, one might expect a strong correlation between
thermal NOX formation and kiln and afterburner operating tem-
peratures. However, the key factor affecting thermal NOX for-
mation is flame temperature, not combustion chamber temperature.
Thermal NOX was controlled to low levels for all runs by con-
trolling the excess air supplied to the burner nozzles. A stoi-

*chiometric propane flame (i.e., Ozerou excess air) temperature
is approximately 3,000OF resulting in relatively high thermal
NOX formation. Whereas, by providing 10 percent excess air to
the burner nozzles, (the set point for the IECS test program)

-- *flame temperatures are decreased to approximately 2,200OF,
thereby substantially reducing thermal NOX formation.

Figure 20 illustrates the relationship between NOX mass
emissions in the stack gas and feed soil TNT content and feed
rate. The curves in Figure 20 are described by the following
equation:

MNOX = 0.74 + 0.0004 (TNT)(Ms)

Where: NOX = NOX mass rate in the stack gas (lb/hr)
TNT = TNT concentration in percent (i.e., for 20%

enter 020w)
Ms = soil feed rate (lb/hr)

As shown in Figure 20, NOX emissions increase with in-
creasing soil feed rate and increasing TNT concentration. Figure
21 presents the probability of residuals in the above equation.
Figure 21 illustrates that for the range of variables on which
the model is based, it is 90 percent probable that the predicted
value will be within the range of + 0.5 pounds per hour.
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9.3.3 Particulates. No attempt was made to develop corre-
lations to predict particulate loading in the stack gas since
the fabric filter consistently reduced particulate emissions two
orders of magnitude lower than required to meet the Illinois EPA
regulations or the Federal hazardous waste incinerator regula-
tions. However, if the particulate loading at the inlet of the
fabric filter is known in conjunction with the particulate siz-

- . ing distribution, key sizing parameters for the fabric filter
(i.e., air-to-cloth ratio, frequency of cleaning, pressure
drop, etc.) can be optimized. The particulate size distributions
for the SADA and LAAP fabric filter ash were presented in Fig-
ures 14 and 15, respectively. Figure 22 presents the relation-
ship between the fabric filter inlet particulate loading and the-
kiln ash -roduction rate based on a least-squares analysis. Fig-
ure 22 includes a "scatter plot' of 18 test runs (Test Run No.
0 -1 was excluded), and shows a general trend of increasing par-
ticulate loading at the fabric filter inlet with increasing kiln
ash production rate. Although the data are not strongly corre-
lated and, as shown in the scatter plot, variations of + 10 to
50 percent are common, it can be stated that the kiln ash-to-fly
ash ratio is within the range of 25:1 to 60:1.

9.4 Incinerator design variables affecting system econom-
ics.

9.4.1 Kiln ash production rate. The total ash production
rate is an important variable in estimating the ash residue dis-
posal costs. The kiln ash production rate is an important varia-
ble in establishing the design basis for ash removal, heat re-
covery, storage, and disposal systems.

No attempt was made to develop correlations to predict kiln
ash production rate since total ash production rate is equiva-
lent to the amount of ash in the feed soil. The kiln ash can be

* estimated by simply subtracting the estimated fly ash (i.e., ash
in combustion gases going to the fabric filter) from the total
ash in the soil feed. As shown in Subsection 9.3.3, the fly ash
ranges from approximately 2 to 4 percent of the total ash, re-
sulting in kiln ash values ranging from 98 to 96 percent.
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9.4.2 Soil heating value. The heating value of the soil is
an important vari;.-ble in estimating fuel consumption, burner de-
sign, and heat release rates within the primary chamber. Figure
23 presents the projected soil heating value based on the per-
cent elemental carbon and percent volatiles in the feed soil.
The curves in Figure 23 are described by the following equation:

HHVs = -554 + 126 (% C) + 47 (% VM)

Where: HHVs = higher heating value of the soil (Btu/lb,

dry basis)
% C = elemental carbon in the soil in percent
% VM = volatile matter in the soil in percent

Figure 24 presents the probability of residuals in the above
equation. Figure 24 illustrates that for the range of variables
on which the model is based, it is 90 percent probable that the
predicted value will be within the range of + 200 Btu per pound.

9.4.3 Fuel burn rate. Figure 25 closely correlates overall
propane fuel consumption for the test burns based on the kiln
temperature (assuming the afterburner temperature is 400OF
higher), the soil heating value, the soil feed rate, total sys-
tem air flowrate, and the percent ash in the soil. As shown in
Figure 25, the propane burn rate decreases as kiln temperature
decreases and as soil feed rate increases. The curves in Figure
25 are given by the following equation:

QC 3H8 = 0.21 (MA) + 0.77 (400 + Tk) - 0.24 (HHV s )
- 0.52 (Ms ) - 9.0 (% ash) - 303

Where: QC3H8 = propane burn rate (scfh)
MA = total system air flow rate (assumed 4,692

lb/hr)*
Tk = kiln temperature (OF: assumes after-

burner is 400OF higher)
HHVs = higher heating value of the soil (assumed

868 Btu/lb, dry basis)*
Ms = soil feed rate (lb/hr)
% ash = ash in the soil in percent (assumed 55.9%)*

%.

Figure 26 presents the probability of residuals in the above
equation. Figure 26 illustrates that for the range of variables

on which the model is based, it is 90 percent probable that the
predicted value will be within the range of + 70 scfh of pro-
pane.

*Based on the average air flow rate, heating value, and percent
ash in the soil for the 18 SADA and LAAP test runs summarized
in Figures 13 and 14.

98
4523A

4P*
N . . . . .. . .".



-~~~V 'T 7 7-7-7 .- 7 . - - --. ~~* - -

z
0

CO 0
Qd >

c z
0 0

E LU
ww

C 2

otoe5
C, OW
- 90

U).

pun~~~~d J'L13IolABROHJ4l

L 0w k -



W.NOW.r

3 A
W -1

z L
0

~u)
x Ui x

o ~
x 4 

U

xi IL =

x LL 0

x 0 p ,t
(punodnj~g)OflISax

N uUWH J6~~ OS O 3Ifl~lU -

4Iqi

'4 1 U
*4,

x 0:0

4gL~

.4.



ILI
Ila

lb z
0

L lb a3,) 0w
lbji lbJ lb ? Erlbz

lbJlb5

I 5IL

*L *j.JflOH jed ie99j oiqnC) eprk Ienj



V0

LU,

3j
40 3

a
x LU

3 cc c

x 0

IL I

-g z

9- ~a0
'PP

91$c 00

I 0

(t~s) 19Nuig eedOd o senOak

1022

rV7.



9.5 Sumar of optmu inieao deig criteria.1 ~~ * ~~~ ~~ . As a
result of Ele nalysis.of.thedata.generatedduring.t.e....

9.5in Sumgrary ohefoloiggieie o optimum incinerato-einciei. A

'~ ~.tor design have been developed:

(a) Soil feed rate. Based on the feed system tested and the
physical dimensions of the kiln, soil feed rates

* above 400 pounds per hour cannot be recommended.
Higher feed rates appear to be practical as long as
the kiln design (i.e., kiln diameter, length, slope,
and speed of rotation) provides kiln ash residence
times in the range of 1 to 2 hours. For larger units

a 'continuous" rather than 8bulk" feed system would
be preferable due to lower instantaneous heat release

should be minimized to reduce fuel consumption.
()Kiln temperature. Based strictly on explosives destruc-

tion, kiln temperatures as low as 800OF are ac-
ceptable as long as an afterburner temperature of at

d least l,,2000 F is maintained. However, operation of
~ .. ~the kiln below 1#200 0 F cannot be recommended be-

cause of poor kiln ash quality (i.e., large clinkers
and ammonia smell). If the kiln temperature is main-
tained at a minimum of 1#4000F, an afterburner is
not required for the control of any pollutants in-
cluding explosives and CO. There is no justification

~~ for operating the kiln above 1#400 0 F with or with-
~ out an afterburner.

(c) Afterburner temperature. If an afterburner is provided,
there is no justification for operation above
1#400 0 F and combustion gas residence times in ex-
cess of 1 to 2 seconds. Destruction of CO in the com-
bustion gases and not explosives is the most limiting
criteria for design of the afterburner.

(d) Burner design. Location of the kiln burner such that
the soil rotates directly into the flame after being
fed was a positive feature of the incinerator design.

*' Co-current firing (i.e., burner and soil feed at the
same end of the kiln) was also a positive feature

-: which essentially eliminates the requirement for an
~ .8 afterburner.

The kiln burner heat input rate and turndown ratio
* should be designed to accommodate a feed soil with a

-. heating value of 0 to 2,500 Btu per pound with mois-
ture contents as high as 30 percent. The secondary

* . burner (if required) should not be required to pro-
vide more than 200OF temperature increase above
the kiln temperature. However, a higher design heat
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input rate may be practical to allow timely preheatL.7
of the refractory.

(e) Excess air. The induced draft fan and combustion air
inlet ports should be designed to provide 100 to 200
percent excess air in the primary chamber and up to
100 percent excess air in the secondary chamber.

(f) Kiln ash collection/heat recovery. During the IECS
testing program, the kiln ash samples were collected
from four separate depths within each ash drum imme-I diately after the drum was removed from the ashpit.
The hot ash sample was composited, placed in a metal
can, and cooled by placing in a water bath. There-
fore, this sampling technique did not take credit for

4further degradation of explosives that would most
likely have resulted due to long residence times of
the kiln ash in the drums at elevated temperatures
during gradual cool down. This sampling technique
closely approximates a full-scale kiln ash removal
system incorporating a planetary cooler (or similar

4heat tranfer method) to preheat the combustion air or
4 waste heat boiler feed water.

(g) Heat recovery. A heat recovery system (i.e., heat ex-
changer or waste heat boiler) with a design heat re-
covery efficiency of approximately 80 percent is re-
quired to cool the incinerator combustion gases prior r
to entering the fabric filter.

(h) Particulate control. A fabric filter is required for
particulate control. Based on the inlet loading and
particle size distribution, a pulse-jet cleaned out-
side collector is recommended with a design air-to-
cloth ratio of 5:1.

(i) Equipmuent size limitations. The use of a 'transporta-
ble* incinerator appears to be extremely advantageous
for future remedial action projects. Therefore, indi-
vidual component design (e.g., rotary kiln) should
take into consideration size limitations for truck
and/or rail shipment.
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10. CONCLUSIONS AND RECOMMENDATIONS

10.1 Conclusions. The IECS project demonstrated the fol-
~' lowing:

(a) A "transportable" incineration system can be disassem-
bled, loaded on trucks, transported approximately
1,000 miles, and be reassembled and fully operational
within 2 weeks.

(b) The explosives contaminated soils can be excavated,
transported to the incineration site, fed into the
incinerator, and thermally decontaminated in a safe
and environmentally acceptable manner.

(c) Comparing the mass of explosives measured in the ash
residues and the stack gas to the mass of explosives

.1 in the soil feed, the following destruction and re-
moval efficiencies were demonstrated:

W - Greater than 99.99 percent destruction efficiency
in the kiln ash.

~ ~.- Greater than 99.9999 percent destruction efficiency
in the fabric filter ash.

- No explosives detected in the stack gas, which re-
sults in an overall destruction and removal effi-
ciency (DRE) of 100 percent.

(d) Stack emissions were in compliance with all Federal,
state, and local regulations including:
- Sulfur dioxide (S02)

5' - Hydrogen chloride (HCl)
- oxides of nitrogen (NOX)
- Carbon monoxide (CO)

* h.- Particulates
(e) Ash residues were not hazardous due to the characteris-

tics of EP toxicity or reactivity. Application has
been filedl with the Illinois EPA to allow land
application of the ash residues at the Savanna Army
Depot Activity.

'.. (f) The incineration system demonstrated the capability of
5..* safe and reliable operation over a wide range of op-

erating conditions, including a longer-term, steady-
-. state production mode of operation.
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Comparison of the IECS project results to the applicable
Federal regulatory criteria demonstrated the following:

(a) It appears that the explosives contaminated soils are
exempt from selected sections of the Federal hazard-
ous waste incineration standards (40 CFR, Part 264).
However, final judgment on this exemption will rest
with the respective EPA Regional Administrator. Four
factors combine to make an extremely strong case that
the EPA regional administrators would approve this
exemption:
- The explosives contaminated soils, when mixed with

water, do not generate toxic gases and they are not
cyanide- or sulfide-bearing wastes.

- The concentrations of 40 CFR, Part 261 - Appendix
VIII hazardous constituents are extremely low.

- No other hazardous wastes would be incinerated sim-
ultaneously with the explosives contaminated soils.

- The incineration site would most likely be a remote
U.S. Army location which would further limit poten-
tial hazards to the general public.

(b) For future full-scale remedial action projects waste
-analysis data must be submitted with the Part B per-

mit application for the project. If the above-de-
scribed exemption is granted, the implications would
be as follows:
- A formal trial burn would not be required.
- The incinerator would not be required to r-et in-

-.4 cinerator performance standards (including the
99.99 percent DRE requirement).

- - The incinerator would be exempt from all Federal
operating, monitoring, and inspection requirements.

All ash residues would be classified as hazardous
wastes; however, the IECS project results clearly
demonstrate that delisting of the ash residues should
be a straightforward process, assuming the ash passes
the EP toxicity test.

(c) If the above exemption is not granted, the implications
would be as follows:
- Clearly, the results of the IECS test program

should exempt the U.S. Army from any further trial
burn requirements unless the waste analysis of the
explosives contaminated soils is significantly dif-
ferent than the SADA or LAAP soils.
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A- The IECS test results demonstrated consistent com-
pliance with all incinerator performance standards.

-~- It appears that only two additional pieces of in-
strumentation would be required to supplement the

4- incineration equipment and controls supplied by
ThermAll,' Inc. for the IECS test program: 1) a de-
vice for continuously measuring combustion gas ye-
locity, and 2) a device for continuously measuring
carbon monoxide at the stack.*

In summary, if the exemption is not granted the per-
mitting and reporting requirements will most likely
be more rigorous and time consuming; however, compli-
ance with the regulations would not be problematic.

In the early stages of the IECS project a test plan2 was
4 developed which identified key process variables and established
~ ~..a matrix of test conditions (replicated for two different soil

U types). This experimental design was selected to allow statisti-
cal evaluation of the test burn data. As a result, significant
simple linear models were developed which accurately predict in-
cinerator air pollutant emission criteria, as well as important

.4 incinerator design parameters (e.g., ash production rates, soil
* *. heating value, and supplemental fuel burn rate).

A pneumatic ram feeder utilizing a standard 12-quart galvan-
-. ized mop pail to contain the contaminated soil was selected and

designed specifically for this testing program. Traditional feed
* .. systems (e.g., screw conveyors, ram feeders, etc.) were unac-

ceptable due to the potential explosive hazards associated withp frictional forces and/or confinement. The bucket feed system met
all of the test objectives and proved to be very safe and re-
liable. During the course of the testing program, the feed sys-
tem cycled over 4,000 times without a single failure. However,
it is anticipated that the bucket feed system will not be suit-
able for full-scale remedial action projects due to the dis-
advantages of limited feed rates (due to the required cycle

'7 times) and of being relatively labor intensive.

10.2 Recommendations. The success of the IECS testing pro-
gram (i.e., no explosives detected in the combustion gases en-
tering the secondary chamber and stack CO and particulate emis-
sions orders of magnitude below the regulatory limits) suggests

.. that certain system/process modifications should be evaluated to

*This device may serve a dual role since the IECS test data in-
dicate that CO monitoring will provide a dependable and cost-
effective way to ensure proper combustion of explosives, as
well as CO.
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optimize cost effectiveness, while at the same time meeting all
environmental goals. The evaluation of system/process modifica-

v.9.;tions should include:

-~ (a) Reduce the temperature of the secondary chamber to re-
duce fuel usage.

(b) Reduce the secondary chamber volume (i.e., flue gas
residence time) to reduce capital costs.

(c) Reduce the excess air supplied to both the primary and
secondary chambers to reduce fuel costs and fan power
costs.

(d) Potentially eliminate the secondary chamber and:
- Monitor CO at the kiln outlet.
- Increase the kiln flue gas residence time.
- Increase the kiln temperature.

(e) Increase the soil feed rate to the kiln to improve
overall economics and potentially increase the kiln
volume to provide adequate ash residence time.

(f) Increase the air-to-cloth ratio in the fabric filter
* (g) (i.e., reduce size of unit) to reduce capital costs.

()Evaluate the feasibility of retrofitting the U.S. Army
APE-1236 deactivation furnaces for thermally treating
explosives contaminated soils.

(h) Evaluate the feasibility of transporting the explosives
contaminated soils to a commercial incineration fa-
cility for thermal treatment.

The evaluation of the above system/process modifications
will be the objective of Phase II of the IECS project (Task or-
der N~o. 7).
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P APPENDIX B

ANALYSIS TECHNIQUES

The two analysis techniques applied to tne raw data base
were multiple linear reqression and balanced two-way factorial.

, "-, B.1 Two-way factorial. The balanced two-way factorial re-
,' quires a balanced matrix of the controlled variables, in this

case soil feed rate and kiln temperature (afterburner tempera-
ture was controlled, but was directly related to kiln tempera-
ture), and equal observations in each cell. A 3 by 3 matrix was
developed for the trial burns with two observations in each
cell - the SADA soil and the LAAP soil. The raw test data were
analyzed usinq a Tektronix 4054 microcomputer and associated

_ plot-50 analysis software.8 ,9 The critical result of this
analysis was the relationship of CO. soil feed rate, and kiln
temperature. Additionally, the system software allowed the iden-

'4, tification of data outliers.
NJ,

An important consideration of any data set is the repeata-
bility of the data and the identification of outliers. A common
means of desiqnatinq repeatability is fittinq the data into a
"box and whisker" plot which qraphically snows the median, in-
terquartile ranqe*, extremes and symmetry of variable values.
Refer to Fiqures B-1 throuqh B-23 at the end of this appendix.

The proqram cateqorized the data values at the ends of the
distribution into three qroups:

(a) Those values within 1.5 Q-spreads of the upper or low-
er quartile. The two outermost of these values define

114 the ends of the whiskers and are called adjacent val-
ues.

(b) Those values between 1.5 and 3 Q-spreads from the upper
p't or lower quartile, called outside values. Each out-

side value is represented on the Plot by a cross.
(c) Those values more than 3 Q-spreads from the upper or

lower quartile, called far outside values. Each tar
outside value is represented on the plot by a square.

*The lenqth of the box - the interquartile ranqe - is called the
Q-spread.

B -1
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The relatively few identified outside and far outside values
demonstrate:

(a) Consistency of soil preparation.
(b) Even distribution of constituents in the soil in theareas from which the feed was collected.
(c) Hiqh confidence in the samplinq and analysis.

B.2 Multiple reqression. The multiple reqression analysis
reduces the data to a linear equation as discussed in Section 9,
which can be used to Predict important response variables. The
use of stePwise analysis allows the determination of reqression
coefficients, while interactively specifvinq the system equa-
tions via addition or deletion of sinqular variables.

As with any statistical tool, there are limitations of the
multiple reqression technique; however, these limitations can be
overcome as discussed in the followinq subsections.

In the case ot a nonlinear relationship between the input
variables and the response variable, the alternative procedures
include:

(a) Reduce the span of the analysis of the response varia-
ble until an acceptable correlation is found.

(b) Transform the response variable, e.q.,
LN(Y) = a + bnXn

(c) Weiqh each of the input variables, e.q.,
Y = a + blWlx1 + b2w 2x2 + ... + bnwnXn

(d) Use multiple reqression as the initial iterative step
followed by analysis by a different technique to fin-
alize the correlation.

(e) Utilize the linear relationship in an estimation caoac-
ity recoqnizinq there may be variance from the true
relationship.

In order to determine the exact relationship between the
variables over a useful span, the second, third, and fourth pro-
cedures would have to be employed followinq each of a series of
trial operations similar to the test recently completed. This
would be very costly and time consuminq, and is impractical for
this analysis.

A correlation which minimizes the variance from the true re-
lationsniP could be developed usinq the second, third, and
fourthi procedures to analyze the data recorded from the complet-
ed test. Althouqh this procedure could extract some otherwise
Lndistinquishable relationships trom the data, it would be very

5% time consuminq and is also not within the scoPe ot this project.

B-2
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The method Qenerallv accepted as the initial iterative step
is a combination ot the tirst and titth procedures, whereby a

* basic correlation would be developed tollowed by the determina- -"

tion ot its useful span. This data analysis is based on this
method.

One advantaqe of multiple reqression is the ability to sir-
ultaneously analyze unlimited numbers of input variables. When
computers are used to Perform the analysis the number of input
variables may be limited by the software or hardware of the com-
Puter. WESTON has utilized software and hardware which can ana-
lyze all of the test variables simultaneously. A Tektronix 4054
microcomputer and its associated Plot-50 statistics: Multiple

. Linear Reqression software packaqe8 was utilized to perform
- the computations necessary for the iterative steps.

It should be noted, however, that the numoer of calculations
required to solve the equations used in the analysis increases
factorially as each additional variable is included in the anal-

, ysis. Computer time should be a consideration when decidinq the
number of input variables to be analyzed.

As the number of input variaoles increases, so does the
probaoilitv of coincidence (i.e., an input variable may not ac-
tually be correlated to the response variable other than 1V co-
incidence). While only additional testinq can prove correlation

I. by coincidence, this factor can be discounted based on scientif-
ic judgment and adjustment to the response Parameters.

B.3 Final solution. Application of both the two-way factor-
lal and multiple reqression packaqes yielded identification of
outliers, ANOVA tables, reqression tables, plots of residuals,
and summary of successive siqnificance of input variables.

,
The ANOVA table includes the followinq intormation*:

(a) SS - The sum of squares of the deviations.
. (b) MS - The mean square, which is SS/df.

(c) df - Deqress of freedom.
(d) F - The value of the F statistic, such that

F = (Reqression SS/df)/(Residual SS/dt).

*A qlossary of statistical terms is provided in Table B-I at the

- end of this appendix.

B-3
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(e) Pr>F - The probability that a value of a random varia-
ble havinq the F-distribution takes on a value qreat-
er than the value of F. A value less than 0.1 indi-
cates siqniticance ot the F statistic and, conse-
quentlv, the overall system equations. Statisticians
normally associate a Pr >F value of less than 0.05
with a very siqnificant hypothesis.

(f) R-square - The coefficient of determination, which
qives a measure ot the linear association between the
dependent variable and the set of independent varia-
bles. The R-square value indicates the siqnificance ._
of the model (or variable) where 1.0 equals 1U0 per-
cent.

(q) Rbar-square - An adjustment to R-square for its tenden-
cy to increase as the number of independent variables
increases. The adjustment is

1 - (( res2 /(n-p))/( (Yj-Y) 2/(n-l))

(h) Root of Residual MS - The square root of the residual
mean square.

The reqression table includes the followinq information for

each variable coefficient in the reqression equation:

*(a) Estimate - The estimated value of the coefficient.
(b) Standard Error - The standard error of the reqression

coefficient estimates.
(c) t - The value of the t-statistic, wnich is, for each

estimate:

Estimate/Standard Error.

(d) Pr>ABS(t) - The probability that the absolute value of
a random variable havinq the t-distribution takes on
a value qreater than the absolute value of t. A
value of Pr>ABS(t) of less than 0.1 indicates siq-
niticance of the t-static and, consequently, the es-

P.." .- timated value of the coetticient. Statisticians nor-
mally associate a Pr> ABS(t) value of less than 0.05

.V. with a very siqnificant hypothesis.

The value of the Durbin-Watson statistic can be used to test
* . whether the residuals are uncorrelated.

The plot of residuals indicates the difference between the

measured values and the fitted values in qraphical form, obser-
vations for which the residual is qreater than one standard de-

"S!'J'4 viation are labeled on the plot.
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lows For each iterative step, both the forward and backward step-
pinq techniques are applied. The forward steppinq analysis al-
lows the statistician to select a variable to be added to tne
model, or the Tektronix 4054 will automatically select the vari-
able which is most siqnificant of those remaininq, and add it to
the model. The forward steppinq technique determines the marqin-
al contribution of each variable added. The backward steppinq

technique includes all ot the selected variaoles to determine
interrelationships between the inPut variables and to calculate

'S -an overall system equation.
.

The iteration Process was continued until siqniticant and
practical system equations were developed. System equations
were rejected it:

(a) The probability that the hypothesized equation was not
correct exceeded 10 Percent (Pr>F was not less than
0.1).

(b) The siqniticance of the equation did not approach 9U
percent (R-square did not approach 0.9) or too many

.44 variables were required to reach this level.
(c) Separation of observations by soil type was required.
(d) The ranqe of response variables for which a correlation

could be developed was too small.
(e) Transformation of the data was required.

2 - Input variables were eliminated from the system equations
'-" based on :

(a) Insiqnificant marginal contribution to the model deter-
mined by the R-squared value computed durinq the for-
ward steppinq process.

(b) A hiqh Probability that the hypothesized variable coef-
- ficient was not correct as determined by the analysis
A." of the t statistic of the reqression table (Pr>

ABS(t)).
V. (c) Scientific and intuitive reasoninq suqqestinq alterna-

tive correlations between the input variable in ques-
tion and the response variable.

*%.! A.
?  (d) The coefficient ot the input variable was corrective.

aI The system model is a set of simple linear equations which
describe certain system parameters and enable the projection of

": responses to be calculated based on measureable inPut data. The
use ot the system model can vary trom a basis for an environ-
mental permit application to becominq an aid for system desiqn

" ,1 or ultimately a dynamic model. The intended use of the system

, 'B-5
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equations tor the purposes of this report is the projection of
system requirements to aid in future technical and economic
feasibilitv analyses of incineration as a decontamination method
for explosives contaminated soils as well as system desiqn.
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TABLE B-I. GLOSSARY OF STATISTICAL TERMINOLOGY

Adjacent value - The furthest data value from the median that is
still within 1.5 Q-spreads of the upper or lower quartile.

ANOVA table - Analysis of Variance table. The ANOVA table pro-
vides a useful summary of calculations about variability. It
contains sums of squares and mean square estimates of the two
sources of variability (reqression and residuals) and their re-
spective deqrees of freedom, the value of the F-statistic, R-
square, Rbar-square, and Pr F.

" Censored data - Data fallinq outside the interval of
measurement.

Dependent variable - The variable to be described in terms of
others in the reqression model.

Far outside value - A data value lvinq more than 3 Q-spreads be-
yond the upper or lower quartile.

Fitted values - Values of the dependent variable calculated from
the reqression equation and existinq values of the independent
variables in the model.

Independent variable - A variable used, possibly in conjunction
with other variables, to describe a qiven dependent variable.

Least squares - Tfe least-squares method is a method of line-
tittinq that determines parameter values to minimize the sum of
squares of the deviations (lenqths of the vertical line seq-
ments) from the observed data points to the line.

Mean - The arithmetic averaqe of a column of data.

Median - The middle value in an ordered column of data; that is,
the data value half way between the top and bottom.

* Missinq-data value - A numeric constant used as a Place holder
k- tor data missinq from the data set.

Mode - Ti. value that occurs most otten in a data set.

Model - A statistical equation that expresses the supposed
(often only approximate) functional relation between variables.

B-7
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TABLE B-i. (Continued)

Observation - A row of data in a data file.

Outliers - A Pair of values beinq Plotted is an outlier it the
value for one of the variables falls outside a specified number
of standard deviations from its mean. (Outliers for an index
Plot are defined only on the variable for the y axis.) More qen-
erally, any discrepant value.

Outside value - A data value lvinq between 1.5 and 3 Q-spreads
beyond the upper or lower quartile.

Pr>ABS(t) - The probability that the absolute value of a random
variable havinq the the t distribution takes on a value qreater
than the value of the t statistic calculated as part of the re-
qression table.

Pr> F - The orobabilitv that a random variable havinq the F dis-
tribution takes on a value qreater than the value of the F sta-
tistic calculated as part of the ANOVA table.

Predicted value - The value of the dependent variable calculated
from the reqression equation and new values of the independent
variables in the model.

Probability Plot - Values of a variable plotted on a probability
scale. The horizontal scale refers to percentaqes of the proba-
bility distribution. The vertical scale, an ordinary arithmetic
scale, is for the variable. The deqree to which the data lies on
a straiqnt line indicates the closeness of fit of the sample
distribution to the theoretical distribution.

Q-spread - The distance between the quartiles.

Raw data - The set of data values read from a data file and used
directly by an alqorithm, as opposed to a set of data read from
a data file and manipulated by transformations before beinq
used.

Reqression coefficient - The coefficients of the equation used
in a reqression model.

Reqression table - A table that provides a summary of reqression
calculations. It contains parameter estimates, the standard er-
ror of the estimates, the value of the t statistic, the t proba-
variable.
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TABLE B-I. (Continued)

r Residuals- The difference between the actual values and the
fitted values of the dependent variable (see definition for e).

Resistant line - A line fitted throuqh the data by resistant
techniques rather than by least squares. The resistant line is
less sensitive to the effects of outliers, especially when the
outliers are near the extremes of the data.

Response variable - Another name for a dependent variable.

Scatter plot - A scatter plot is a qraphical display showinq how
two variables are related to each other.

Standard deviation - The square root of the variance.

Standard error of the mean - The standard deviation of a set of
sample means.

Variance - The averaqe of the sum of the squares of the devia-
tion of each observation from the mean of the variable.
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Appendix VII-Basis for Listing (c) A material is "discarded" if it is
Appendix Vill-Hazardous Constituents abandoned (and not used, re-used.

Authority: Secs. 1006. 2002(a). 3001. and reclaimed or recycled) by being:
3002 of the Solid Waste Disposal Act. as (1) Disposed of: or
amended by the Resource Conservation and (2) Burned or incinerated, except
Recovery Act of 1976, as amended (42 U.S.C. where the material is being burned as a
605. 012. ez and 62. fuel for the purpose of recovering usable

U Subpanrt A-General energy: or
2(3) Physically, chemically, or

§ 261.1 Pu' oa and so, biologically treated (other than burned
(a) This Part identifies those solid or incinerated) in lieu of or prior to being

wastes which are subject to regulation disposed of.
as hazardous wastes under Parts 262 (d) A material is "disposed of" if it is
through 285 and Parts 122 through 124 of discharged. deposited, injected dumped.
this Chapter and which are subject to spilled. leaked or placed into or on any
the notification requirements of Section land or water so that such material or
3010 of RCRA. In this Part: any constituent thereof may enter the

(1) Subpart A defines the terms "solid environment or be emitted into the air or
waste" and "hazardous waste," discharged into ground or surface
identifies those wastes which are waters.

".. PART 261-1DENTFICION AND excluded from regulation under Parts (e) A "manufacturing or mining by-
uSTING OF HAZARDOUS WASTE 2e2 through 265 and 122 through 124 and product" is a material that is not one of

establishes special management the primary products of a particular
Subpart A-Genser requirements for hazardous waste manufacturing or mining operation, is a

and produced by small quantity generators secondary and incidental product of the
28s.1 uand hazardous waste which is used. re- particular operation and would not be2a.2 Deinuton of solid waste. used. recycled or reclaimed. solely and separately manufactured or
=61.3 Definition of hazardous wUte. (2) Subpart B sets forth the criteria mined by the particular manufacturing

261.4 Exclusima used by EPA to identify characteristics or minin operation. The term does not
2 .1.5 Specdal requirements for hazardous of hazardous waste and to list particular -include an intermediate manufacturing

waste produced by s=a1 quantity hazardous wastes. or minin product which results from
generators. (3) Subpart C identifies characteristics one of the steps in a manufacturing or

281.6 Special requirements for hazardous of hazardous waste. mining process and is typically
waste which I& ued. re-used. recycled o (4) Subpart D lists particular processed through the next step of the
reclaimed, hazardous wastes. process within a short time.
~Subpt B- , re for htfy" Uh (b) This Part identifies only some of

CWUWICof Nmerdou Waste end f t the materials which are hazardous 9261.3 Dfiniko of d waste.
UW" Httardous Wastes wastes under Sections 3007 and 7003 of (a) A solid waste, as defined in
261.10 Criteria for identifying the RCRA. A material which is not a 5 21.2. is a hazardous waste if:

characteristics of hazardous wastes, hazardous waste identified in this part (1) It is not excluded from regulation
281.11 Criteria for listing hazardous waste, is still a hazardous waste for purposes as a hazardous waste under I 281.4(b);

u.r C t erbocis a of HNmrdou of those sections if. and
Waste (1) In the case of Section 3007, EPA (2) It meets any of the following
.. 20 General. has reason to believe that the material criteria:
251.21 Characteristic of Ignitability. may be a hazardous waste within the (i) It is listed in Subpart D and has not
28122 Characteristic of corrosivity. meaning of Section 1004(5) of RCRA been excluded from the lists in Subpart
281.23 CharacterIstic of reactivity. (2) In the case of Section 7003. the D under I f 20Z.0 and 280.22 of this
281.24 Characteristic of EP toxicity. statutory elements are established. Chapter.
SuJ~pr 0--Ut Of As u Wste (i) It is a mixture of solid waste and

130 General. 1 261.2 Dgflnlon of solid waste. one or more hazardous wastes listed in
281.31 Hazardous wastes from non-specific (a) A solid waste is any garbage. Subpart D and has not been excluded

sources. refuse, sludge or any other waste from this paragraph under I I 20.20 and
281.32 Hazardous wastes from specific material which is not excluded under 260.2 of this Chapter.

sources. 1 261.4(a). (iii) It exhibits any of the
281.33 Discarded comercial hemcal (b) An "other waste material" is any characteristics of hazardous waste

products and associated off-specification solid. liquid, semi-solid or contained identified in Subpart C.
materials. containers and spill reidues. gaseous material, resulting from (b) A solid waste which is not

Apped es industrial, commercial, mining or excluded from regulation under
Appendix I-Representative Sampling agricultural operations. or from paragraph (s)(1) of this section becomes

Methods community activities which: a hazardous waste when any of the
Appendix I1-EP Toxicity Test Procedures (1) Is discarded or is being following events occur:.
Appendix 00-Chemical Analysis Test accumulated, stored or physically, (1) In the case of a waste listed in

Methods chemically or biologically treated prior Subpart D, when the waste first meets
Appendix IV-4'eserved for Radioactive to being discarded: or the listing description set forth in

" -W Appendix V-{Resrved for infectius Waste (2) Has served its original intended Subpart D.
Treatment Specifications) use and sometimes is discarded: or (2) In the case of a mixture of solid

• Appendix Vl--{Reserved for Etiololpc (3) Is a manufacuring or mining by- waste and one or more listed hazardous
"- Agental product and sometimes is discarded. wastes, when a hazardous waste listed

• -, -_
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in Subpart D is first added to the solid (1) Household waste, including specifications. would have the generic
waste. household waste that has been name listed in § 261.33(e).

f31 in the case of any other waste collected, transported. stored, treated. (3) Any containers identified in
(including a waste mixture), when the disposed, recovered (e.g.. refuse-derived § 261.33(c) that are larger than 20 liters
waste exhibits any of the characteristics fuel) or reused. "Household waste" in capacity;
identified in Subpart C. means any waste material (including (4) 10 kilograms of inner liners from

(c) Unless and until it meets the garbage, trash and sanitary wastes in containers identified under § 261.33(c):
cntena of paragraph (d): septic tanks) derived from households (5) 100 kilograms bf any iesidue or

JI) A hazardous waste will remain a (including single and multiple contaminated soil, water or other debris
hazardous waste. residences, hotels and motels.) resulting from the cleanup of a spill, into

(2) Any solid waste generated from (2) Solid wastes generated by any of or on any land or water, of any
the treatment, storage or disposal of a the following and which are returned to commercial chemical product or
hazardous waste, including any sludge, the soils as fertilizers: manufacturing chemical intermediate
spill residue, ash, emission control dust (i) The growing and harvesting of having the generic name listed in
or leachate (but not including agricultr crops. I 281.33(e).
precpitaton run-off). is a hazardous (ii) The raising of animals, including (d) In order for hazardous waste to be
waste. animal manures. excluded from regulation under this

(d) Any solid waste described in (3) Mining overburden returned to the section, the generator must comply with
paragraph (c of this section is not a mine site. § 262.11 of this Chapter. He must also
hazardous waste if it meets the (4) Fly ash waste, bottom ash waste, either treat or dispose of the waste in an
following criteria: slag waste, and flue gas emission on-site facility, or ensure delivery to an

(1) In the case of any solid waste, it control waste generated primarily from off-site treatment. storage or disposal
does .iot exhibit any of the the combustion of coal or other fossil facility, either of which is:
characteristics of hazardous waste fuels. (1) Permitted by EPA under Part 122 of
identified in Subpart C. (5) Drilling fluids, produced waters, this Chapter, or by a State with a

(2) In the case of a waste which is a and ether wastes associated with the hazardous waste management program
listed waste under Subpart D. contains a exploration, development, or production authorized under Part 123 of this
waste listed under Subpart D or is of crude oil, natural gas or geothermal Chapter
denved from a waste listed in Subpart energy. (2) In interim status under Parts 122
D. it also has been excluded from * 1 and 265 of this Chipter or,
paragraph (c) under if 280.20 and 26022 h e by small(3) Permitted. licensed, or registered
paofrthisgCaptcuder.. d . h w by a State to manage municipal orof this Chapter. qusnt -wisrators. industrial solid waste.
§261.4 Ex Ualact. (a) Except as otherwise provided in le) Hazardous waste subject to the

wastes. The following materials are not calendar month. a total of less than 1000 may be mixed with non-hazardous
solid wastes for the purpose of this Part: kilograms of hazardous wastes, those waste and remain subject to these

(1) (i) Domestic sewage, and wastes are not subject to regulation reduced requirements even though the
(ii) Any mixture of domestic sewage under Parts 282 through 285 and Parts resultant mixture exceeds the quantityad other wastes that passes through a 122 through 124 of this Chapter. and the limitations identified in this section,

sewer system to a publicly-owned notification requirements of Section 3010 unless the mixture meets any of the
treatment works for treatment. of RCRA. characteristics of hazardous waste
"Domestic sewage" means untreated (b) If a person whose waste has been identified in Subpart C.
sanitary wastes that pass through excluded from regulation under
sewer system. paragraph (a) of this Section 261.6 Special requirments for

accumulates hazardous wastes in hazwdous waste which is used, re-used-
that are poInst source discharges subject quantities greater than 1000 kilograms, recycled or reclatmed
to regulation under Section 402 of the those accumulated wastes are subject to (a) Except as otherwise provided inClean Water Act. as amended regulation under Parts 282 through 285 paragraph (b) of this section. a

and Parts 122 through 124 of this hazardous waste which meets either of .-
(Comment This exclusion applies only Chapter. and the notification the following criteria is not subject to
to the actual point source discharge. It requirements of Section 3010 of RCRA. regulation under Parts 262 through 265
does not exclude industrial wastewaters (c) If a person generates in a calendar or Parts 122 through 124 of this Chapter

" while they are being collected, stored or month or accumulates at any time any of and is not subject to the notification
treated before discharge, nor does it the following hazardous wastes in requirements of Section 3010 of RCRA
exclude sludges that are generated by quantities greater than set forth below, until such time as the Administrator
industrial wastewater treatment.] those wastes are subject to regulation promulgates regulations to the contrary:

(3) Irrigation return flows, under Parts 282 through 285 and Parts (1) It is being beneficially used or re-
(4) Source. special nuclear or by- 122 through 124 of this Chapter. and the used or legitimately recycled or

product material as defined by the notification requirements of Section 3010 reclaimed.
Atomic Energy Act of 1954, as amended, of RCRA: (2) It is being accumulated, stored or
42 U.S.C. 20i1 et seq. (1) One kilogram of any commercial physically, chermically or biologically

(5) Materials subjected to in-situ product or manufacturing chemical treated prior to beneficial use or re-use
mining techniques which are not intermediate having the generic name or legitimate recycling or reclamation.

* removed from the ground as part of the listed in § 261.33(e). (b) A hazardous waste which is a
extraction process. (2) One kilogram of any off- sludge, or which is listed in Subpart D.

(b) Solid wastes which are not specification commercial chemical or which contains one or more
hazardous wastes. The following solid product or manufacturing chemical hazardous wastes listed in Subpart D;
wastes are not hazardous wastes: intermediate which, if it met and which is transported or stored pnor

• , .'. '. , . .. . :.' .' . -. . . , , . -. . , . -,_ - , - -- --.- . , , , , - .' ., - . , "
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to being used. re-used. recycled or listed in accordance with these criteria (c) The Administrator will use the
reclaimed is subject to the following will be designated Acute-Hazardous criteria for listing speoified in this

requirements with respect to such Waste.) section to establish the exclusion limits

transportation or storage: (3) It contains any of the toxic referred to in § 261.5(c).
(1) Notification requirements under constituents listed in Appendix VIII

Section 3010 RCRA. unless, after considering any of the Subpart C-Characteristics of

(2) Part 262 of this Chapter. following factors, the Administrator Hazardous Waste
*.. x .- (3) Part 263 of this Chapter. concludes that the waste is not capable 1 261.20 Generat.

(4) Subparts A. B, C.'D and E of Part of posing a substantial present or
264 of this Chapter. potential hazard to human health or the (a) A solid waste, as defined in

IL (5) Subparts A. B, C, D. E, G. H, I. J environment when improperly treated. r 2Zt which is not excluded from

and L of Part 265 of this Chapter. stored. transported or disposed of. or regulation as a hazardous waste under

(6) Parts 122 and 124 of this Chapter, otherwise managed: § 261.4(b), is a hazardous waste if it

with respect to storage facilities. (i) The nature of the toxicity presented exhibits any of the characteristics

by the constituent. identified in this Subpart
Subpart B-Critera for Identifying the (i) The concentration of the [Comment: I 282.11 of this Chapter sets
Characterstics of Hazardous Waste constituent in the waste. forth the generator's responsibility to
and for Usting Hazardous Waste (iii) The potential of the constituent or determine whether his waste exhibits

- - - 261.10 Criteria for Identifying the any toxic degradation product of the one or more of the characteristics

characteristics of hazardous waste constituent to migrate from the waste identified in this Subpart)
(a] The Administrator shall identify into the environment under the types of (b) A hazardous waste which is

a dfe Ach cisto fhazrdous improper management considered in identified by a characteristic in this
waste in Subpart C only upon paragraph (a)(3)(vii) of this section. subpart, but is not listed as a hazardous
detemiinn Subat C(iv) The persistence of the constituent waste in Subpart D. is assigned the EPA

.* Adetermninig that e or any toxic degradation product of the Hazardous Waste Number set forth in
c(1 A solid waste that exhibits the constituent the respective characteristic in this
.i} Cause, or significantly contribute (v) The potential for the constituent or Subpart. This number must be used in

t. a seincreasicnrtlty otribany toxic degradation product of the complying with the notification
to, an increase in mortality or an constituent to degrade into non-harmful requirements of Section 3010 of the Act

incraacitaing erioreversible,s or constituents and the rate of degradation. and certain recordkeeping and reporting
incapacitating reversible, illness or (vi) The degree to which the requirements under Parts 262 through

ia) Pose a substantial present or constituent or any degradation product 265 and Part 122 of this Chapter.

environment when it is improperly of the constituent bioaccumulates in (c) For purposes of this Subpart. the

treated, stored, transported, disposed of ecosystems. Administrator will consider a sample

or otherwise managed; and (vii) The plausible types of improper obtained using any of the applicable

(2) The characteristic can be: management to which the waste could sampling methods specified in Appendix
.i2 Tesshre is can aabe: be subjected. I to be a representative sample within
(is Measured by an available (viii) The quantities of the waste the meaning of Part 260 of this Chapter.

reasonablyrdwithinethemcapabilityhofs generated at individual generation sites
reasonably within the capability or on a regional or national basis. [Comment: Since the Appendix I
generators of solid waste or private (ix) The nature and severity of the sampling methods are not being formally
sector laboratories that are available toonmental adopted by the Administrator. a person
serve generators of solid waste: or damage that has occurred as a result of who 'esires to employ an alternative

(ii) Reasonably detected by generators the improper management of wastes sampling method is not required to
of solid waste through their knowledge containing the constituent. demonstrate the equivalency of his -
ofth .(x) Action taken by other method under the procedures set forth in

§ 261.11 Crtteria for listing hardous governmental agencies or regulatory 55 260.20 and 260.1.)
waste. programs based on the health or 5261.21 Chmactsite of Ignftabllty.

(a) The Administrator shall list a. solid environmental hazard posed by the (a) A solid waste exhibits the
waste as a hazardous waste only upon waste or waste constituent. characteristic of ignitability if a

. . determining that the solid waste meets (xi) Such other factors as may be representative sample of the waste has
one of the following criteria: appropriate, any of the following properties:

(1) It exhibits any of the Substances will be listed on Appendix (1) It is a liquid, other than an aqueous
characteristics of hazardous waste VIII only if they have been shown in solution containing less than 24 percent
identified in Subpart C. scientific studies to have toxic, alcohol by volume, and has a flash point

* (2) It has been found to be fatal to carcinogenic. mutagenic or teratogenic less than 60"C (140"F), as determined by
humans in low doses or. in the absence effects on humans or other life forms. a Pensky-Martens Closed Cup Tester,
of data on human to.icity, it has been (Wastes listed in accordance with using the test method specified in ASTM
shown in studies to have an oral LD 50 these criteria will be designated Toxic Standard D-63-79. or a Setaflash Closed
toxicity (rat) of less than 50 milligrams wastes.] Cup Tester, using the test method
per kilogram, an inhalaion LC 50 (b) The Administrator may list classes specified in ASTM standard D-3278-78,
toxicity (rat) of less than 2 milligrams or.types of solid waste as hazardous or as determined by an equivalent test
per liter, or a dermal LD 50 toxicity waste if he has reason to believe that method approved by the Administrator

* (rabbit) of less than 200 milligrams per individual wastes, within the class or under the procedures set forth in
kilogram or is otherwise capable of type of waste, typically or frequently are 1g 280.20 and 260.21.'
causing or significantly contributing to hazardous under the definition of
anincrease in serious irreversible, or hazardous waste found in Section 'ASTM Slandafds u available from ASTM.

-* ". incapacitating reversible, illness. (Waste 1004(5) of the Act. IMa Race StreeL Philadelphia. PA 19103
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(2) It is not a liquid and is capable. § 261.23 Characteristic of reactivity. Table L.-.Msxlmum Concentration ofunder standard temperature and Contaminrant for Charecteaistic of EP Toxicity-
pressure, of causing fire through friction. (a) A solid waste exhibits the Conruded
absorption of moisture or spontaneous characteristic of reactivity if a
chemical changes and. when ignited, representative sample of the waste has EPA Ian"Umburns so vigorously and persistently that any of the following properties: - awO CoiMnW0 7,on-,
is creates a hazard. (1) It is normally unstable and readily "saw

(3) It is an ignitable compressed gas as undergoes violent change without

defined in 49 CFR 173.300 and as detonating. .oo ..... . .
determined by the test methods (2) It reacts violently with water. 005 ..... M ........ 10...
described in that regulation or (3) It forms potentially explosive -7_ _°_, --C,_ .. o0
equivalent test methods approved by the mixtures with water. 0 ......Administrator under 51 260.20 and (4) When mixed with water, it ooioID. ID260.21. generates toxic gases, vapors or fumes 01z...- EndI tu.. 10-. 0.02(4) It is an oxidizer as defined in 49 in a quantity sufficient to present a , l-,Ov-
CFR 173.151. danger to human health or the , i, .

(b) A solid waste that exhibits the environment. s .&4Mw,*characteristic of ignitability. but is not (5) It is a cyanide or sulfide bearing (1.2 .3t.4.&.5 04
listed as a hazardous waste in Subpart waste which, when exposed to pH - ,,.
D. has the EPA Hazardous Waste -conditions between 2 and 12.5, can 004 (iony . 10.0Number of D1r. generate toxic gases, vapors or fumes in mw,,,iaw.a quantity sufficient to present a danger 0015-- T,, IS nC4.,X 0.5-261.22 Characteristic of conosvtity. to human health or the environment. i m "-

(a) A solid waste exhibits the (6) It is capable of detonation or 2 '0 -0characteristic of corrosivity if a explosive reaction if it is subjected to a (Z4.10
representative sample of the waste has strong initiating source or if heated 110

either of the following properties: under confinement. oo,7.- ___.P s____ _4_. 1.0___
(1) It is aqueous and has a pH less (7) It is readily capable of detonation

than or equal to 2 or greater than or or explosive decomposition or reactionequal to 12.5. as determined by a pH at standard temperature and pressure.
meter using either the test method (8) It is a forbidden explosive as Subpart 0-4ists of Hazardous Wastesspecified in the "Test Methods for the defined in 49 CFR 173.51, or a Class AEvaluation of Solid Waste. Physical/ explosive as defined in 49 CFR 173.53 or § 281.30 Oensiu.
Chemical Methods" 2 (also described in a Class B explosive as defined in 49 CFR (a) A solid waste is a hazardous"Methods for Analysis of Water and 173.88. waste if it is listed in this Subpart.Wastes" EPA 800/4-7D-9O2 March (b) A solid waste that exhibits the unless it has been excluded from this list19"9), or an equivalent test method characteristic of reactivity, but is not under I I 20.20 and 280.22.approved by the Administrator under listed a's a hazardous waste in Subpart (b) The Administrator will indicate histhe procedures set forth in 2 280.g0 and D. has the EPA Hazardous Waste basis for listing the classes or types of20.21. Number of D003. wastes listed in this Subpart by 'D(2) It is a liquid and corrodes steel employing one or more of the following(SAE 1020) at a rate greater than .35 1211.24 Cllafcther stii of EP Toxiety. Hazard Codes:. •. . mm (0.250 inch) per year at a test (a) A solid waste exhibits the g wa,_ ___temperature of 55C (130"F as characteristic of EP toxicity if: using the ca- W (c"-determined by the test method specified test methods described in Appendix ( w)_ _ _ _ "in NACE (National Association of or equivalent methods approved by the ,Aft ,,e m -. "Corrosion Engineers) Standard TM-a1- Administrator under the procedures set Tom Wat. ()m6900 ' as standardized in 'Test Methods forth in i i 20.20 and 280.21. the extract Appendix VU Identifies the constituentfor the Evaluation of Solid Waste. from a representative sample of the which caused the Administrator to listPhysical/Chemical Methods," or an waste contains any of the contaminants the waste as an EP Toxic Waste (E) orequivalent test method approved by the listed in Table I at a concentration equal Toxic Waste (T in I5 261.31 and 261.32.Administrator under the procedures set to or greater than the respective value (c) Each hazardous waste listed in thisforth in ws20.20 and 28021. given in that Table. Where the waste Subpart is assigned an EPA Hazardous

(b) A solid waste that exhibits the contains les than 0.5 perceut filterable Waste Number which precedes theO characteristic of corrosivity, but is not solids, the waste itself, after filtering, is name of the waste. This number must belisted as a hazardous waste in Subpart considered to be the extract for the used in complying with the notificationD, has the EPA Hazardous Waste purposes of this section. requirements of Section 3010 of the ActNumber of D002. (b) A solid waste that exhibits the and certain recordkeeping and reporting
characteristic of EP toxicity. but is not requirements under Parts 262 through'Toa document is available from Solid Waste listed as a hazardous waste in Subpart 285 and Part 122 of this Chapter.. Informuon, U.S. Envoumeta Pm,,ctio Ae aY. D. has the EPA Hazardous Waste (d) Certain of the hazardous wastesNsw. Si. cale Stret. Cinccnnati. Ohio ua

25 .the L AC Strndatd .-Cin.- O t6= Number specified in Table I which listed in 5 281.31 or 1 281.32 havee N aal Amod duo of Corita lae P.o . corresponds to the toxic contaminant exclusion limits that refer to 'Bousx t Ka., T 774=. causing it to be hazardous. J 261.5(c)(5).

'%, -. 4

. . . . . . . . . . .
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Irmfus an-P Hazardous waste Hazard C0de

Foo .... ........... - - The Spent himogatatje solvents used in degrees"n. tetracltloroethyiene. fInchloroethyforie. methylene chloride.Il 1.11tchloroethane. cabon M
F002 -. tmOrhiid. and the chlorinaed florcarbions. and sludges fromt toe recovey of these Solets in degrefsatg operatiorw 1. .

FOO ................... 7he Spent halogenm solvents. trtorotrylaene, meothylene ctliorlde. frictiloroethyfoanie. 1,1 .1-tricltlorootheia. chNorobenzenoS 112
MchlorO1Ullmgu od4ciorbene.. tilChloroflu~ollet aend ft. SEX bottms ri h ~oU 4teeale~

The0 B oteit ~mlgeron,, the treat ond wasyl Sai d f ero woo e and vthe prcSses bttl freorecthe ri/ovro pmtho opheno

Foos ....... ... .. Wassimmtm liealment sldges from ie poducltn prtion s of.... .......... ye.o .....d. ..ang g ................... .... ~. .......................
Fool3 -- .-..... . ....... O We laer b sotu tions efreg frm sie ro uion of mtobale or--g p...............ents.... ....... . . ..~........ .............. )
FOOS4 ....... . ....... . Wabsigbt fh es xi from I ai p tof n ah Orde m ic e o p~igs. . ........................... -......... ........ ( T)
F10--... Wat ateth Aapn afrom ef from ee het retngoprtion g ................ .hn ........ ..mnt .............-------- m- --- --- (.T
FO1 ............. W aeSp r g amen . o e. from tie roducton tha P.,ni amd aee . emnt . ah e ....... .........-. .-. ......... m --------- ------ --- --- (.7
1(07..... . ----- -.... Wauencin oar e fetien wog frm tides romto w4 I hea Veust oponts...... ........... .. . . ..... .... .... ......... ............-
Oz(0 .-6 ... Fovtai -se rIt n w 111"S dcon ol~tt deome ode i t aitrenta................ ... ......................... . .... ...

1(010.. .... .................. Owtilaon ede ctSom ass mroduct pon d 4 * S mfadltd fr on reth lnetl recor (TIm ............. ..
F(015-.............. .....~ Botpeto staem bthsudn from -m ata aa e~p motitse oc tirop aon s .. ..... ................... ..... ... (R.TI
POW01? .......................S oa e fir oa~ti can& pw i ter0 scldges frm mks povetns and balles (7)os. .................. . ..

Woo 1(016vbon XOI. ...... Heavyor wieri isib ede from t~bien podwcteonatrcafron woo~dipreservn prcse Iu(T)ov n/rpnfckohnl
% X 02(017 ........ Hea..v.y......e- Watew ter bonia)en slfromro ttie odu bonof hro e ellw a d oongumn m ....t..e.....odu...t..o-_............c............. ........ )

K03 . ........... ... H- W ea ter n I eftnte from Viatoeto m pth r hoduid o ro tydt Oaguig etc.s .......... ......................... .m .......

K1(02 .....0 ....... ... Heavyw o hi e m r m i g at o n ft po u inofa yelw igm s.... .................... ............ .hrd ..... .wy c........de. r...ime ..o..c..o. ()
K052 .- . ....... . Wata ter osti ne twa from t e p oductio of eo crome grow pigments ........ ............ .......I -............. ..
(02 ..... ............ Wasewte tretet Sude fr i he production 4 ph t c thydfie ,f rom n f plia ents (ahdosai to.................. ...
K07. *.. ...... (Walmi botan n t from ft producti ono on 04 ploith............ec....a.......d.....de........om.............t.............. ......
KOM . ........ .. C ~ ~~n b f o a f o i r d c ion 4 f greban en l t ...................... by..... .................e....... .....io of. ......a.. IT)
1(06 ... . . ........... . tisag o e lltab frm the production 0 methyil ethyl She ...................L.....................
1(027 L... ....... ............ Cenit hon Siee uts from " proer. des ocyanata producti on eh ln ....... ....- I I. ....... I - ............ (PT)
K12. ........ Spen b tlt frm te hyi dilr ator ractyoil n t e production of 1.11 rlonoetha...................e. (T)
KO02 ....... Wa tst from t m prdet afe a ooow iip c m nthe prod ct of 1.. crotiana ....... .. . ........................ .... ...... (R. )
1(020 ... ........... Bohtom boS he y wto tIde fromtic n tLin e production of aiil r)oete ...d ........LLrehln . . ... ..................... .........
1(02 -...1 .......... ... ....... Wy- lpro fim hedcgiaSo oasrw c o dana.........e..d...........e.............c....on. .....4...................c...c........ .....a.... - " (r
K0 6 -. .2 ...... a..... t.. ws...H arGid O ea 04 tit IN IUSerontepr du tin f afoete ra hordom....the.......rod......c.....o..................l...r........e...... L
K1 7 ....... ewa... tFe aNU s i 50 botom from te duiicosn 04km iyn taf ne t the production of U)clrhdi.... ............. ............ ...
K (04. 8 H "le sani from ti ftion in " chdlorodoetc e he production .f c.i..an . U.)............. ...... ..... ........ L '
1(035 .om Wandsa ftmat daloiof ganerlda dtionducin 0oesole &CW0U)UU ~ . ...... .
1(036. .... bo. Io... w nds from thaotieruaon llebon hi tie ~r hoduc on "O protion ......... .. (T)
K216 Aqeu W -eallmo caalyt wst from 8 wewi datipn Ofluoron ate Production -...... U)......d "1 039 , . ~l .a .fr. ....... omor ti taion 0 e oa h r teho i c d the pr~ol c m C h n is o gf o d u ton ... ..oat ...... ....... ..... .....
1(04 Dis. allowe ebuwft frm fro production 04tb pluorales fro . ' *'W "" . ....- ..... ........... .. m
K(04 - IISo Wasaw ter m re t n t gefo m i production 04hb ahne .ro nptega..... ,U) L"' "" " ...
K0425 ..... . Heevy w b ork Isis t h Prdu tiofr om t am n yth ation of tercto te r om .. ..... prdcto .4..5 .(.T.... .............
K(023 ... .... ...... 2,SO~t n oPnI;g rlaf o n, wast froti pod in 4X 42.4.0a .y o ()
1(044. . ..... t....a..n.drege fro tiaA M U " WU'* OV~e anuf ctMsirig an prtswl 04e7lavs. )
K02 ..10 .. ........... Sperif cetion from 8w t ue en o rwa eator cin e sllo erreso of (Ri4'h" fh f .... .. . ... .......
K01(0 .. ................... Waswairm theam t alduc: e fom t Pi thrsiactiati f 1 1-nhormuain oe n .................. .edbee ......~n .ot d .............._............. M.4k~ or' h"04 and Ortfo T~o w t ou th mf.rdcto.f- ochod y ............ .......... .... ....... )

K314 ....... .. . C ftrh s of ge raed anR ttt( )in tohe fro cti n peofASi reanngd ea O &U ................... ........ .....

*1033. .........--. WSlo to awn d fron w petfroleum reesigntono cidutopntdiy intepoutono)hodo
1(0....... Hfet eSolds ror thee cleewig f exaclfr the per u t e Prg oidution of(TId f .. . .........L....
K05 P sansfor Weat'"gafro stuge peroleUm reir OW usr M&U)1Cest ..... .....
1(052 .. SOt tottim "leaded) ro8 eterr i r d elaboin "' OO~d"O ia"00 .....r.y... .. ....L . U)

..........-.... awet few. eeave/vlvlude tin"rtn/e f wt pino rtwe ..es r. .enhos ......fe~lu . ti SlarK O - ......... a t w t r r m i i a a e t h p o u to:t; :o g . ................ .....................
KOO ~ ~ ~ ~ -H " ed-rdsilto rmteO M no eohmbeteei h r~ tno ..- ......
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I" Wd EPA Hazadous vm~f MSWua codS
alwemi m No.

K04- kee (bbg-aip g -a~ by toMU wm oubco~aui of~~g go Um omtw s and favoiIig ndusy how PUOC wi.. WI~r (en

Koo ft dust ugad by Ind 1, & - aftogorid 01In MO -ai ONmu -- N d MOwe .'.MUr. ho PAW01WOM WVWe/WUW bf (In
laW IPI iIw. OV GOvw Ind, 010K u *aiW 600 A beaUhOO end ftoU isa

K565.I soeem ine~g by Ind oq mamlogos of Ind tWsw and bawi owmr .or piuwarm awrowrIvv (r)
lkoof her aftdaussm ladrenwe Araf rueIVOI bt m no am No -~~s -

KOP, WAVW VMWisd aigM -.. m 'by MU 1WAg eubmsgmem6MU Naiodw M~igend iad bomoalrhooa. pidwus. m M

naftevud Week Pm armid,...e havrowiso adt n Iffupm ~e bieMhUue04e"~a
KOM- -______ W "oea Il gutg 'by So 6a9q .i at Old MU kw UaIg and lb daly how soronon-hew (M~.1

UWIsvWvu bodL

KOOl so" aun low fm owd moi MU adifmisPdmi 6m

Kim Skdgem as o.verrode of opri po hw 0 se m~ %. 191 _______________
Pum -- Cper KO -.. Acd pisM tbidow awy/adg. mame nmu I*. MU M0mig of hl&W uY brom Prim OWO P85n~ e
Priary L@* KO16 - uli asfp aI W sha cordoe d andg from toorguim awyla eul m ____- Mn

KOM--- Skft been voofmo of proewsem .mew adiWo ocd jiN Momdw htm PnumV *W(

Ccm______ pjon iftc ran Of-m O proy W P=0
seod -Le KOMg aseain m 4d*./skdg burn Im~ Ind -m~ M

I261.33 Discarded Cad i el Chsnmled intermediate having the generic name --Canumed
Products, Off-spectication Speolee lhsted in paragraphs (e) or (f) of this
Containers, arid 6pW Resiue Thereof. Secio. SmaW

The following materials or items are fConument: The phrase "commercial
hazardous wastes if and when they am chemical prodiuct or mandlacturing M0-- Akft

discarded or intended to be diucardled- chemical intermediate having the _M_ Wat

(a) Any commercial chemical product. generic name listed in. .. " refer, to a P006-. bunsm Il~s R
or anfatuin cemical intermediate chemical substance whichw ai a AL O

paragraphs te) or (1) of tOis section. commercial or mnanufacturing use. It PM- Z4A w - P115

- ,-chemical product or manufacturing manufacturing process waste, that ANIUO VC eve PO
*chemical intermediate which. if it mt contains any of the substances listed in ANI.IATa sw PIS

specifications, would have the generic paarah (a) or (f). Whomra ARMW ase MIA'name listed in paragraphs (a) or (f) of manufacturing process waste is deemed po mencs"f
this section. to be a hazardous waste because it P012- MAowm Okft

(c) Any container or inner liner contains a substance listed in Afof on P'I
remoed roma cotaier hat as een paragraphs (a) or (f). such waste will be A~et PU2used to hold any commercial Chemical Hae in either 11 261M3 or 2M1.32 or will AOOedP6

product or manufacturing chemical be identified as a hazardous waste by SAopoo PO72

intermediate having the generic name the characteristics set forth in Subpart C PI1- lww-
listed in paragraph (e) of this section. of this PamrPo
unless: ()Tecmeca hmclpout(1) The conta ine or inne liner ha (a Th comrIa cheica prdutsS' O

*been triple rinsed using a solvent ontr mafcirefer chemiararah Pate-..... swia.amose
capable of removing the commercial intrmdiaes refrre toi prgap71-R@smu

chemcalprouctor mnufctuing (a) through (d) of this section. are Pal?- 0,
-. chemical intredate rmnfcuig identified as acute hazardous wastes Ms--. .

(2) The container or inner liner has (H) and are subject to the small quantity P'"O BU a o
been cleaned by another method that exluio defined I 1281.5(ce These _

*has been shown in the scientific wastes and their corresponding EPA Pl- acmow
literature. -,r by tests conducted by the HPaoosnateNmbr mu:M c&Nma e
generator. to achieve equivalent EEAonPn
removal. or sum...'VEZA w P

(3) In the case of a container, the inner CNMOK P Od PiC
liner that prevented contact o; the CNI&O Lmu Polo
commercial chemical product or 1081 a0" M5 P=24 -p~ie"Mm

manufacturing chemical intermediate lo ~ on...t.'a~e)seedPN!P0 - WMPwddl4
with the container, has been removed. MCI -m Pon-miea~4bwb Id r

Si(d) Any residue or contaminated soil. Mie PW-SNWWO
water or other debris resulting from the PM c..i PM-Cowj
cleanup of a spill, into or on any land or Ao ams FogaRTO ron am 0i

watrof nycomeria chmialAowus ON S am MW Co m POWl
Ai~i one PMI C.5PmUImn Pwlproduct or manufacturing chemical Aklk. aim s *WP- omww

C. .
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HaZanlous S~b*.tmici "4UWIiroom substance SubstanceS3 U.NO. s ~3No, .@Ste No

P031 Ovuanogen MAIK a"e P050 P102 2-Paopy-1-01

PM IAEA seP PROTHROMADIN See Pool
P03...... Cyna0n 6w~eMAR-FRIN ee@ Pool ouiCI(SAM me P09?

Cyclda. we PM0 MARTIN'D MAR-PRI4 see Pool CUJINTOX a" P037
PM .- 24CyCfthft4.04i1wWphu@W MAVERAN "ae Pool RAT AND MICE BAIT am Po0l

O-.ON ie P00l MEGATOX me PO0N RAT-A-WAY me Pool
2.DTH4.OA we Pool POMg-- hdrnwv kaumini RAT.9-GON am Pool

DETHNEL anisPool MERSOUITE aug P092 RAT4O-CIOE 02 me Poo1
we 01043 MIETACOSo a P071 RAT-GUARD me Pool

- MOM0 METFOS a P071RAT-KILL sePo01
P03_ S vwo s~~ ets P3 I I METAPHOR me Pon1 RAT-MIIX me Po01

0.~'.. P31METAPHOS saw Po71 RATS4NO-MORE me Pool
* P07.- 011iMIETASCI. 30 m Pon RAT-OLA me Pool

O01W on POW P0@m Me Iu RATOREX me Po01
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I4OSTAOSJW we P0on PN-- -~wy~e P120 -Vwebtm pama
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(f) T he commercial chemical products MO was, W"NO

or manufacturing chemical _________________

intermediates, referred to in paragraphs ucei...- OoT U14.. P(.paNC

(a). (b) and (d) of this section. are U083 U, *43'. LSOawo

identified as toxic wastes MT unless oo"JOrnVcMM w aU0113 W"a LOW. OOadA"m

otherwise designated and are subject to u"s- 0--- v16.:z,- LO

the small quantity exclusion defined in ~ZLos- . i._ o af
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PART 264-STANDARDS FOR
OWNERS AND OPERATORS OF
HAZAR3DOUS WASTE TREATMENT,
STORAGE, AND DISPOSAL
FACILITIES

Subpart 0-Incnerators

1. The authority citation for Part 264
6'. reads as follows:

Authority: Sections 1006. 2002(a). and =04
of the Solid Waste Disposal Act. as amended
by the Resource Conservation and Recovery
Act, as amended (42 U.S.C. 6905. 6912(a) and
6924].

ILI
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2. Section 264.340 is amended by (d) The owner or operator of an § 264.344 Hazardous waste incinerator
revising paragraph (b). redesignating incinerator may conduct trial burns permits.
and revising paragraph (c) as paragraph subject only to the requirements of

S"(d). and adding new paragraph (c) to § 122.27(b) of this Chapter (Short term (c) The permit for a new hazardous
, read as follows: and incinerator permits). waste incinerator must establish

§ 264.340 Applicability. 3. Section 264.341 is amended by appropriate conditions for each of the
revising paragraph (a) as follows: applicable requirements of this Subpart,

A"tr-cnsiero oincluding but not limited to allowable
(b) After consideration of the waste 1264-341 Waste anslys waste feeds and operating conditions

analysis included with Part B of the (a) As a portion of the trial burn plan necessary to meet the requirements of
permit application, the Regional required by J 122.27(b) of this Chapter, 1 264.345. sufficient to comply with the
Administrator, in establishing the permit or with Part B of the permit application, following standards:
conditions, must exempt the applicant the owner or operator must have (1) For the period beginning with
from all requirements of this Subpart included an analysis of the waste feed initial introduction of hazardous waste
except 1 264.341 (Waste analysis) and sufficient to provide all information to the incinerator and ending with

- 5 264.351 (Closure), re 1 iired by § 122.27(b)(2) or 122.25(b)(5) initiation of the trial burn, and only for
(1) If the Regional Administrator finds of this Chapter. Owners or operators of the minimum time required to establish

that the waste to be burned is: new hazardous waste incinerators must operating conditions required in
i) Listed as a hazardous waste in Part provide the information required by paragraph (c)(2) of this Section. not to

261, Subpart D, of this Chapter solely 5 122.27(b)(3) or 122.25(b)(5) of this exceed a duration of 720 hours operating
because it is ignitable (Hazard Code I). Chapter to the greatest extent possible. time for treatment of hazardous waste,
corrosive (Hazard Code C, or both; or 4. Section 264.343 is amended by the operating requirements must be

(ii) Listed as a hazardous waste in revising paragraphs (b) and (c) to read those most likely to ensure compliance
Part 261, Subpart D, of this Chapter as follows: with the performance standards of
solely because it is reactive (Hazard § 264.343, based on the Regional
Code R) for characteristics other than 1264.343 Performance standards. Administrator's engineering judgment.
those listed in I 261.23)(a) (4) and (5), The Regional Administrator may extend
and will not be burned when other (b) An incinerator burning hazardous the duration of this period once for up to
hazardous wastes are present in the waste and producing stack emissions of 720 additional hours when good cause
combustion zone; or more than 1.8 kilograms per hour (4 for the extension is demonstrated by the

(iii) A hazardous waste solely because pounds per hour) of hydrogen chloride applicant.
it possesses the characteristic of JHCI) must controt HCI emissions such (2) For the duration of the trial burn,,
ignitability, corrosivity, or both, as that the rate of emission is no greater the operating requirements must be
determined by the test for than the larger of either 1.8 kilograms sufficient to demonstrate compliance
characteristics of hazardous wastes per hour or 1% of the HCI in the stack with the performance standards of
under Part 261, Subpart C, of this gas prior to entering any pollution § 264.343 and must be in accordance
Chapter, or control equipment. with the approved trial burn plan;

(iv) A hazardous waste solely because (c) An incinerator burning hazardous (3) For the period immediately
it possesses any of the reactivity waste must not emit particulate matter following completion of the trial burn,
characteristics described by § 261,23(a) in excess of 180 milligrams per dry and only for the minimum period
(1], (2). (31. (6), (7), and (8) of this standard cubic meter (0.08 grains per sufficient to allow sample analysis, data
Chapter. and will not be burned when dry standard cubic foot) when corrected computation, and submission of the trial
other hazardous wastes are present in for the amount of oxygen in the stack burn results by the applicant, and
the combustion zone; and gas according to the formula: review of the trial burn results and

(2) If the waste analysis shows that modification of the facility permit by the
the waste contains none of-the 14 Regional Administrator, the operating
hazardous constituents listed in Part P,=P . - requi,erents must be those most likely
261. Appendix VIII, of this Chapter, 21-Y to ensure compliance with the
which would reasonably be expected to performance standards of § 264.343,
be in the waste. Where P, is the corrected concentration based on the Regional Administrator's

(c) if the waste to be burned is one of particulate matter, P. is the measured engineering judgement.
which is described by paragraphs concentration of particulate matter, and (4) For the remaining duration of ;!h
(b)(1){il) cb}{)}ii), (b)(1)(iii), or (b)I1)(iv) Y is the measured concentration of permit, the operating requirements 111*U

O of this Section and contains insignificant oxygen In the stack gas. using the COsat be those demonstrated. in a trici tm,rn i
concentrations of the hazardous method for oxygen analysis of dry flue bv alternative data specifieud in
constituents listed in Part 261, Appendix gas, presented in Part 60, Appendix A §122.25(b)(5)(m) (f this Chapt, .
VIII, of this Chapter, then the Regional (Method 3), of this Chapter. This sifficient to ensur';lutr "
Administrator may, in establishing correction procedure is to be used by all prfciornne s:rKn , .:
permit conditions, exempt the applicant hazardous waste incinerators except 6 Se, un ,h4 , ...n. 2. .

from all requirements of this Subpart, those operating under conditions of revising pir;,,:th 4
' *, except § 264.341 (Waste analysis) and oxygen enrichment. For these facilities, as foll(,.,,

§ 264.351 (Closure), after consideration the Regional Administrator swill select
of the waste analysis included with Part an appropriate correction procedure to § 264 34' Ope'a-,i e,,

B of the permit application, unless the be specified in the facility permit.
Regional Administrator finds that the ...
waste will pose a threat to human health 5. S.( tion 2M 344 is i.w.t,,d t*\
and the environment when burned in an revising the title and d~ii.rq nr,%
incinerator. par,igraph (i.) as filiws "
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(c During start-up and shut-down of

an incinerator, hazardous waste (except
wastes exempted in accordance with
I 204. 40) must not be fed Into the

N incinrator unless the incinerator Is
operating within the conditions of
operation (temperaturs. air feed rate,

Vetc.) specified in the permit

7. Section 204.47 s mended by
revising paragraphs (a)(1) and (b).
redesignating paragraph (c) as
paragraph (d). and adding new
paragraph (c) as follows:

*264MY4 fen ilng i his kpeCilen
(a)* 0
(1) Combustion temperature. waste

feed rate, and the indicator of
combustion gas velocity specified in the
facility permit must be monitored on a
continuous basis.

(b) The incinerator and associated
equipment (pumps, valves conveyors.
pipes. etc.) must be subjected to
thorough visual inspection, at least

*_.. daily, for leaks, spills, fugitive
* iemissions, and signs of tampering.

(c) The emergency waste feed cutoff
system and associated alarms must be
tested at least weekly to verify
operability, unless the applicant

36 demonstrates to the Regional
Administrator that weekly inspections
will unduly restrict or upset operations
and that less frequent inspection will be
adequate. At a minimum, operational
testing must be conducted at least
MonThid% monitoring and inspection

.4 data must be recorded and the records
must be placed in the operatin log
required by 1 264.73.

,1

NM A



40 CFR, PART 264

STANDARD FOR OWNERS AND OPERATORS OF HAZARDOUS WASTE
TREATMENTe STORAGEe AND D IS POSAL FACI LIT IES

SUBPART 0 - INCINERATION

SECTIONS 264.10 - 264. 351

23 JANUARY 1981

454



* 767 Federal Register /Vol. 48. No. 15 /Friday. January 23. 1981 /Rules and Regulations

(7) For off-site facilities, notices to facility. The estimate must equal the
generators as specified in I 204.12(b); cost of closure at the! point in theIand facility's operating life when the extent

PART 2S44-TANDARDS FOR (a) AUi closure cost estimates under and manner of Its operation would make
OWUMR AND OPERATORS OF I 264.142. and. for disposal facilities, aDl closure the most expensive. as indicated

-M AZARDOU WA11TE TREATMENT, poet-closure cost estimates under by Its closure plan (se 1 204-112(m).
STRAGE, AND D11POSAL 28.* [Comment. For example, the closure

FACLITMcost estimate for a particular landfill
2. In I 24.106paragraphk(b)is revised L In I2K4112. pgrph(a) and may befrthe cost of closure when its%

to read as follopargrap (aXi) are revised to read as active disposal operations extend over
0olw 20 acres. If at all other times these

I 3K0 Ap~os~y.operations extend over We than 20
264.10 g ~~2"4112 CloteeuaR are.Th etiae oud o cld

*W 
aces Th esmt wol0o nld

cot fpata lsue htth lsr
Mb Section 201.18(b) is applicable only (a) te owner or operator of a psc efdaril clfores tafte the coUretfacilities subject to regulation under hazardous wastemngmn aiiy pa ceue eoeo fe h i

Pto ofSbatsL1 Lad0 maxhnum closure cost)
Par2S.SbprtLJK~anO. must have a rtederpa.h

L In 12K412. paragraph (b)(6) in plan must be submitted with the pemt
revised to read as follows: application, in accordance with 7. In 40 CFR Part 264. Subpart 0 is

* uiaosers wst ~I 122.25(aXI3) of this Chapter. an added to read as follows:
1 IK1 Gowa wast ww"Wapproved by the Regional Administrator &dqn j0pws: kw
* 0 4 0as part of the permit issuance

(b) ~~~~~proceeding under Part 124 of this 2430Apiaiiy
C:(6) Where applicable. the methods Chapter. in accordance with 1 -flJ9 of 2" ast piabili.

which wil be used to meet the tis Chapter. the bpproved closue plan 2UM hiacW asc hasrus~
additional wans analysis requirements will become a condition of any RCRA ntiu-e1a (POIIC).

6 I for specific waste management methods permiL. The Regional Adndstrators 254.34 Perfomance standards.
;t, as specified in if1204.17 and 264.341. decision must assue that that approved 284.344 New wastes: Triabunorpmi
%1 0 d *cosur plan is csstent wit modlflcaioeis.

3. In 1 264.15. paragraph (bX4) is If 254.11.264.1122114. 4.115 and 254.34 Operating requirements.
revised to read as follows: the applicable requirements of 2K fR555WvSd]

II~~~~~~~ --.7,541.6.22~ .A Ma2u54 MonkItog and inspections.
I ~ ~ ~ ~ ~ ~ ~ I 254.15 Genera 204.=te waq9eusw& .451 oyo hepa 5.5

* * * * .ad all ryeviin to the mutb 2"1B 4 Movie

*(b)' keptatthesfaciltyunstil doo s sA

vary for the Items on the scedl witI K2 The l msidtif
However, It should be based on the rate sto neesr to comipletely atr I SUM Aplsi

Of ofM oa deterioration if th partially close the facility at aypoint (a) The regulations in this Subpart
equipment and the probability of an during Its intended opertn lif and11 to apply to owners and operators of

en aneta -or huma health icident pI.IWSacose the facility akt the end 'facilities that Incinerate hazardous
If the deterIration ar mol~co of Of Its Intee operating wie. The waste, except as 124.1 provides

ayoperator am nu e madetecte closur Plan mst Include, at least: otherwise
betee inpetios.Areas sublect to (1) A dscriptloo of how MW when the (b) If the Regional Administrator

spils suc as lo.n 41,imlad facility winl he patl loei finds, after an examination of the waste
ares. must be knie del .bii appuicable _an iall does The analysis Included with Part 3 of the
use11. At a minimum, the inspection Mosipimst Identify the maximum applicants permit application, that the
schedule must Incude do exmind Mtent of the operation which will be waste to be burne&i
frequenies called hri I Ig 344 umloeed durig the lie of the facilnty. .(1) Is either (I) listed as a hazardous
2034.196.24.2224254 and 254.27. MW bo -M~ of If 2.111, waste in Part 251. Subpart A, of this

whreapliabe.24.1 2624.434114. anW th Chapter only because It is Igntable
whee pplcale applicable cdoosrequimunts of (Hazard Code 1) or. (U) that the waste

4. In 1 26473. paragrph (b) s If 254.17 2..266=22 262 an has been tested against the
a~ y evisng ern ~), 3.35 will be met characteristics of hazardous waste

adWdinigmnw pararafbjj. and &nI4.4 paarph()I under Part 231. Subpart QCof this
-. redeslsft paummph and(6 4.325.4 argap a)I Chapter and that It mesets only the -

as loeXti-and revise revised to read as follows: Igitability characteristic; andofX aduXI) rsetvel rvie
to reqd asfollows: I M142 Cos semae tr 66 (2) That the waste analysis included

* 347 Opesg RseI, eler. with Part BDof the permit application
* * * *(a) The owner or operator must have a includes none of the hazardous

written etimate of the cost of dosing constituents listed In Part 201. Appendix
(b)~ the facility in accordance with the VL

(3) It"rd and reslts of waste requints in It 29.111-M'.l15 and then the Regional Administrator may. in
551aly5of sefr~d5 pecified in applicable closure requirements In establishing the permit conditions,

it-in" 25.1. n 264141; 11 217&.254.10,24264.25& and exempt the applicant from al
# 0 4 254.351. The owner or operator must requirements of tis Subpart except

(5) Monitoring, testing, or analytical keep this estimate, and all subsequent 1 264.341 (Waste Analysis) and
data where required by 1284.347. estimates required in this Section. at the 1284.351 (losure).

C- 17



Federal Register / Vol. 46. No. 15 / Friday. January 23. 1931 I Rules and Regulations 7679.

(c) The owner or operator of an constituent (PIiC} designated (under Part B of a permit application under
incinerator may conduct trial bums, I 204.342) in its permit for each waste I 122.25(b)(5) of this Chapter.
subject only to the requirements of feed. DRE is determined for each POHC 1264.346 O r
I 122.27(b) of this Chapter (Trial Burn from the following equation: ( An.InciOerator muteoete
Permits). (a) An incinerator must be operated in

.-. " accordance with operating requirements
111441 Wasea DRE - (Win - Wout) X 100% specified in the permit. These will be

(a) As a portion of a trial bum plan specified on a case-by-case basis as
required by I 122.27(b) of this Chapter. those demonstrated (in a trial burn or in
or with Part B of his permit application. Where. alternative data as specified in
the owner or operator must have W,.-Mass feed rate of one principal I 254.344(b) and included with Part B of -

included an analysis of his waste feed organic hazardous constituent (POHC) in a facility's permit application) to be '

sufficient to provide all information the waste stream feedins the nto. sufficient to comply with the
uired and performance standards of 1 284.343.
2requ2 by 122.27(bX2) r W.,,-Mass emission rate of the same (b) Each set of operating requirements
) 122.2(b() of this Chapter. the POHC present in exhaust emissions prior wil specify the composition of the

..;. (b) Throughout nornal opeation te to release to the atmosphere.
owner or operator must conduct waste feed (including acceptable
sufficient waste analysis to verify that ( A I b h variations in the physical or chemical
waste feed to the incinerator is within (ast Antiningrmor tha ardous properties of the waste feed which will
the physical and chemical composition waste ontngmoe thanof.thenot affect compliance with the "
limits specified in his permit [under chlorine must remove m9% of the performance requirement of 5 264.343) to
1 284.345(b)). hydrogen chloride from the exhaust gas. which the operating requirements apply.

1 Pnp -, g hao uso (c) An incinerator burning hazardous For each such waste feed. the permit

eeeLuse PO0 ). waste must not emit particulate matter will specify acceptable operating limits
(a) Principal Organic Hazardous exceeding 10 milligrams per dry including the following conditions:

SConstituents (POHCa) in the waste standard cubic meter (0.08 grains per (1) Carbon monoxide (CO) level in the
nmust be treated to the extent required dry standard cubic foot) when corrected stack exhaust gas:

mb for 125 M using the procedures (2) Waste feed rate;
by the perfbrmance standard of presented in the Ceen Air Act (4) Com ustifd temportu i. .1 J204.343. reuain."tnarso[efrac 4) Air feed rate to the combustion -.1'£ (bX1) One or more POHCs will be renglations Standards of Performance syst
specified in the facility's permit. from n(5) Allowable variations In incinerator

among those constituents listed In Part Subpart L system design or operating procedures;
281. Appendix Vm of this Chapter, for (d) For purposes of permit and
each waste feed to be burned. This enforcement, compliance with the (6) Such other operating requirements
specification will be based on the operating requirements specified in t as are necessary to ensure that the
degree of difficulty of incineration of the permit (under I 2M4) will be regarded performance standards of 1 24.343 are .
orgnic constituents in the waste and on as compliance with this Section. met
their concentration or mass in the waste However, evidence that compliance (c) During start-up and shut-down of
feed, considering the results of waste with those permit conditions is an incinerator, hazardous waste (except
analyses and trial burns or alternative insufficient to ensure compliance with ignitable waste exempted in accordance !P
data submitted with Part B of the the perfm ce requirements of t with 1 24.340) must not be fed into the ,."'-'th .. fiinrc requiremtnt ofmi thisain.Ogei
fcilitspermitappcatiOrgaic Section may be "inform " justifng incinerator unless the incinerator is
constituents which represent the modification. revocation. or rsimance operating within the conditions of
greatest degree of difficulty of of a permit under o122.15 of t operation (temperature air feed rate. , .
incineration will be those most likely to Chapter. etc.) specified in the permit.
be designated as POHCs. Constituents (d) Fugitive emissions from the
are more likely to be degaIted a24AM Now s t o combustion zone must be controlled by.
POHCs if they m present in large pemit medlguam (1) Keeping the combustion zone
quantities or concentrations in the totally sealed against fugitive emissions;
waste. (a) The owner or operator of a or

(2) Trial POHCs will be designated for hazardous waste incinerator may burn (2) Maintaining a combustion zone
performance of trial burns in accordance only wastes specified in his permit and pressure lower than atmospheric
with the procedore specified in only under operating conditions pressure; or
S12L.7(b) of this Chapter for obtaining specified for those wastes under (3) An alternate means of control

trial burn permits. £204.345. except: demonstrated (with Part B of the permit

1284.3 Pau e s dm (1) In approved trial burns under application) to provide fugitive

An incinerator burning hazardous I 122.27(b) of this Chapter or maintenanes of combustionvalzonet

waste must be designed, constructed. (2) Under exemptions created by pressure lower than atmospheric
and maintained so that, when operated 1 254.340. pressure.
in accordance with operating (e) An incinerator must be operated "
requirements specified under 1 264.345. (b) Other hazardous wastes may be with a functioning system to m
it will meet the following performance burned only after operating conditions automatically cut off waste feed to the
standards: have been specified in a new permit or a Incinerator when operating conditions

(a) An incinerator burning hazardous permit modification as applicable, deviate from limits established under
waste must achieve a destruction and Operating requirements for new wastes paragraph (a) of this Section.
removal efficiency (DRE) of 9.99% for may be be based on either trial burn (f) An incinerator must cease
each principal organic hazardous results or alternative data included with operation when changes in waste feed.

c-i 8
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incinerator design. or operating f2653 Operat"n record. documented information. In the
conditions exceed limits designated in * operating record of the facility.)
i te permit. (b)" N "
I 3M e (3) Records and results of waste- ifM5.342-.S (Reserwd]

analysis and trial tests performed as I 2ss.S General operating rsqulrems
84.347 Maim aing Snd s eobanL specified in I f 265.13. 265.193. 265.25 During start-up and shut-down of an
(a) 1e owner or operator must 2L.L= 5.273, 205.341. 265.375, and incinerator, the owner or operator must

conduct, as a minimum, the following *0*. 0 not feed hazardous waste unless the
monitoring while incineratng hazardous .incinerator Is at steady state (normal)
waste: 2.40 CFR Part 265. Subpart O, conditions of operation. including steady

(1) Combustion temperature. waste revised to read as follows: state operating temperature and air
feed rate. and air feed rate must be SupM 0-4ncewator flow.
monitored on a continuous basis.

(2) CO must be monitored on a .0 Apicability.served
continuous basis at a point in the X5.341 Wlate anlysla. __dtok*@ndhnpt~ft .

incinerator downstream of the =.34Z-0.344 [Reserved)
combustion zone and prior to release to 25.M General rnting requirements. The owner or operator must conduct.
the atmosphere. 2 [Reserved as a minimum, the following monitoring

(3) Upqn request by the Regional 2.M7 Monitoring and inspection, and inspections when incinerating

Administrator, sampling and analysis of 25i4s-25 Lo50 lervedl hazardous waste:

the waste and exhaust emissions must 2" l aosure. (a) Existing instruments which relate
be conducted to Veol that the nstog to combustion and emission control
requirements established in the permit I 255.0 ApplsabIlt. must be monitored at least every 15

achieve the performance standrd of (a) The regulations in this Subpart minutes. Appropriate corrections to
1 254.343. apply to owners or operators of facilities maintain steady state combustion

(b) The incinerator and associated that treat hazardous waste in conditions must be made immediately
equipment (pumps, valves. conveyors, incinerators except as 265.1 and either automatically or by the operator.
pipes. etc.) must be completely paragraph (b) of this Section provide instruments which relate to combustion
inspected at least daily for leaks, spills, otherwise. and emission control would normally
and fugitive emissions. Al emergency (b) Indnration of wastes which- include those measuring waste feed.
waste feed cut-off controls and system (1) Meet only the Ignitabilty auxliary fuel fee, air flow, incinerator
alarms must be checked daily to verify characteristic under Part 2 . Subpart C. temperature, crubber flow, scrubnr
proper operation. of this Chapter. or pH. and relevant level controls.

(c) This monitoring and inspection (2) Are listed bn Part 261. Subpart D, of (b) T stack plume (emissions) must
data must be recorded and the records this Chapter for ignitability only be observed visually at least hourly for
must be placed in the operating log (Hazard Code I), normal appearance (color and opacity).

, required by 1 264.73. re exemmpted from the requirements of The operator must immediately make
this Subpart_ except # 231. if the any indicated corrections necessary to

if 24.64= (Resfod owner or operator can document that return visible emissions to their normal

S264351 ClNsue. the waste feed would not reasonably be appearance.
At closure the owner or operator must expected to contain constituents listed (c) The complete incinerator and

remove .11 hazardous waste and in Par M. Appendix Vm of this associated equipment (pumps, valves,
hazardous waste residues (Including, . Chapter. Such documentation must be in conveyors. pipes. etc.) must be inspected

but not limited to. ash. scrubber waters, writing and must be kept at the facility. at least daily for leaks, spills. and
and crubersluges h. ~ ~fugtiv emssinsand all emergency

incinerator site. I--addition the waste shutdown controls and system larms
(Cmw At doe as &lmutut In mu adito tot wa analyses must be chced to assure proper
-. ii..t A do.umre.as thoughout rJqunredby I 28&L3. tie owner or operation.

the operating per" u he owner operator must sufficiently analyze any
or operatr cam dmostrat, i waste which he sbe not previously f 5U46-266.80 [5erV !
accordance with I 26 1(d) of ti burned tn his incinerator to enable him I 286=1 Csure.
Chapter. that the midus removed fomn to establish steady state (normal)
the incinerator Is not a hazardous waste, opm t conditions (including waste At closure, the owner or operator
the owner or operator becomes a and ailary fuel feed ad ai flow) and must remove all hazardous waste and
generator of hazardous waste and m st to dermn the type of pollutants hazardous waste residues (including but
manage It in accordance with applicable which mibt be emitted. At a minimum, not limited to ash, scrubber waters, and

rqieets of Parts 263-=5 of this the analysis must determine: scrubber sludges) fro the incinerator.
* Chapter.) (a) Heating value of the waste; IComnft At closure, as throughout

Nf 204.82-264MO [Asesvedl (b) Halogen content and sulfur content the operating period. unless the owner
In the waste and or operator can demonstrate, in

S PART u5-sTMM, STATUS (c) Concentrations In the waste of accordance with I 21.1(d) of this
STANDARDS FRa OWuNSAN lead and mercury. unless the owner or Chapter. that the residue removed fr-om
apgRTOMs OF HAZARDOUS WASTE operator has written, documented data his incinerator Is not a hazardous waste,
TREATMENT. STORAGE, AND that show that the element is not the owner or operator becomes a

a~ gpna FAI.I'*5present. generator of hazardous waste and mustVW0 FACITIS(ComtmenL: As required by I 265.73, manage it In accordance with all
I. In 1 25573. paragraph (b)(3) is the owner or operator must p lace the applicable requirements of Parts 262-26

revised to read as follows: results from each waste analysis. or the of this Chapter.)
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APPENDIX D

I4OIJECULAR STRUCTURE OF THE EXPLOSIVES
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CH2 NO2

02N NO, CHsNaO,(IG CHsNO 2

TNT NS
NO,

2,4,6 Trinitrotoluene Nitrobenzene

NO, CH3

02N Z N/02N NH2
N CdH#N@O, Q CYH7N04

HMX L --. NO2 2-Amino
N0 N02I I 3,5,7-Tetranitro-Octahydro-1 ,3,5,7-Tetracyclooctane 2-Amino-4.6 Dinitrotoluene

NO2 CH3

N) 02N2 NO,

r GaHoeO C7HeN2O4
N02,N N l 0 NO

U RDX 2,6 DNT

1 ,3,5-Trinitro, Hexahydro-1 ,3,5-Triazine 2,6-Dinitrotoluene

NO2 CH3

Z4 NO,
TNIIC

k CsH3N306 CTHGNP04
N02t 0 2,4 DNT

N02
.11 .3,5-Trinitrobenzene 2.4-Dinitrotoluene

N0,
'RI NOCH3,-N

OPN NO,

DN 0 0 CsH4Ns T4&yI CiHeNsOo
NO,2

1 ,3-Dinit,'obenzene Tetranitromethytaniline

TABLE D1 MOLECULAR STRUCTURE OF EXPLOSIVES
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